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Abstract
Rheumatoid arthritis (RA) is a systemic inflammatory disorder, with the most common extra-articular
manifestation of RA being lung involvement. While essentially any of the lung compartments can be
affected and manifest as interstitial lung disease (ILD), pleural effusion, cricoarytenoiditis, constrictive or
follicular bronchiolitis, bronchiectasis, pulmonary vasculitis, and pulmonary hypertension, RA-ILD is a
leading cause of death in patients with RA and is associated with significant morbidity and mortality.
In this review, we focus on the common pulmonary manifestations of RA, RA-ILD and airway disease,
and discuss evolving concepts in the pathogenesis of RA-associated pulmonary fibrosis, as well as
therapeutic strategies, and have revised our previous review on the topic. A rational clinical approach for
the diagnosis and management of RA-ILD, as well as an approach to patients with clinical worsening in
the setting of treatment with disease-modifying agents, is included. Future directions for research and areas
of unmet need in the realm of RA-associated lung disease are raised.
Introduction
Rheumatoid arthritis (RA) is a systemic inflammatory disorder that affects an estimated 1% of the
population in the USA and northern European countries [1, 2]. The most common extra-articular
manifestation of RA is lung involvement, which can affect up to 60% of patients with RA during the
disease course [3, 4]. Clinically, RA can essentially affect any lung compartment including: the
parenchyma, manifesting as interstitial lung disease (ILD) or rheumatoid nodules; pleura, resulting in
pleural inflammation and/or effusions; small and large airways (cricoarytenoiditis, constrictive or follicular
bronchiolitis and bronchiectasis); and pulmonary vasculature (vasculitis and pulmonary hypertension).
Lung involvement, particularly RA-ILD, is associated with significant morbidity and mortality. Though
lung involvement in RA typically occurs following articular manifestations, pulmonary manifestations may
occasionally precede joint symptoms. In this review, we focus on RA-ILD and airway involvement, the
common manifestations of RA-associated lung disease and discuss evolving concepts in the pathogenesis
of RA-associated pulmonary fibrosis, as well as therapeutic strategies. We suggest a rational, clinical
approach for the diagnosis and management of RA-ILD and discuss treatment with anti-inflammatory/
immunomodulating agents, including disease-modifying anti-rheumatic drugs (DMARDs) and biologic
drugs, as well as antifibrotic agents.

Pulmonary involvement in RA
Prior to utilisation of computed tomography (CT), RA-related pleural effusion was considered the most
common manifestation of RA lung disease. As methodology and sensitivities for diagnostic testing have
evolved over time, an increasing recognition of subtle pulmonary findings that are better identified on
high-resolution CT images such as interstitial lung abnormalities and radiographic manifestations of airway
https://doi.org/10.1183/16000617.0011-2021
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disease (i.e. centrilobular nodules, mosaic attenuation) have led to greater identification of subclinical
disease in patients with RA. Although there is extensive heterogeneity among prevalence studies of lung
manifestations in RA depending on criteria for diagnosis, as well as the method and frequency of
radiographic imaging, ILD has the greatest estimated prevalence, followed by airway disease, pleural
effusion and rheumatoid nodules (table 1) [5–11]. The majority of respiratory manifestations occur within
the first 5 years of disease, although respiratory symptoms may precede onset of articular symptoms in
10–20% of cases [22, 23].

Predisposing factors for development of RA and associated lung disease
Genetic factors
The genetic contribution to RA has been explored in twin studies, with previous findings demonstrating
concordance rates of 15–30% in monozygotic twins and 4% in dizygotic twins [24, 25]. Genetic factors,
mainly in the class II major histocompatibility complex (MHC) region, confer a risk of up to 50% for the
development of RA [26]. The human leukocyte antigen (HLA)-DRB1 allele, which is involved in MHC
molecule-based antigen presentation and is responsible for self-peptide selection and T-cell repertoire, is
the most significant genetic risk factor found to date and has been confirmed in patients who are positive
for rheumatoid factor (RF) or anti-citrullinated protein antibody (ACPA) [24, 27]. In addition, a conserved
amino acid sequence in the HLA-DRB chain, referred to as the shared epitope, is shared between
RA-associated HLA-DR alleles and is highly associated with the presence of anti-cyclic citrullinated
peptide antibodies (anti-CCP) and the development of RA [28].

TABLE 1 Prevalence and clinical features of rheumatoid arthritis (RA)-associated lung diseases
Disease phenotype
Parenchymal lung disease
UIP pattern

NSIP pattern

Organising pneumonia
Other (e.g. LIP or DIP)
Rheumatoid nodules

Caplan’s syndrome

Airway disease
Upper airway
Cricoarytenoiditis

Clinical features

Prevalence

Radiographic pattern: subpleural, basal predominant reticular opacities,
honeycombing, minimal ground-glass opacity, architectural distortion with
traction bronchiectasis
Associated with worse outcomes compared to other disease
patterns in RA
Extensive ground-glass opacity, traction bronchiectasis, subpleural sparing
Lower risk of disease progression and better treatment response
compared with UIP
Focal ground-glass opacities, consolidations, reversed halo sign
Thin-walled cysts, centrilobular nodules, ground-glass attenuation,
peribronchovascular septal thickening, upper-lobe predominant
May be single or multiple and range in size, typically asymptomatic unless
they cavitate or rupture, in which case infection, pleural effusion or
bronchopleural fistula may occur
Complication that occurs in those with pneumoconiosis from occupational
exposure to coal, silica or asbestos
Sudden development of multiple nodules, from 0.5 to several centimetres
in diameter, distributed throughout the lungs but predominantly at the
lung periphery

8–66%

0–11%
Rare
<1% radiographically, 30% on autopsy
specimens
<1% in the USA by autopsy

Arthritis of the cricoarytenoid joint leading to mid-line adduction of vocal
cords with resultant hoarseness and/or stridor

32–75% via laryngoscopy
54–72% on CT scans

Associated with chronic infection

Present on HRCT in ∼30%, though
many cases clinically silent
By pulmonary function testing or
radiographic pattern: 8–30%

Lower airway
Bronchiectasis
Bronchiolitis
(constrictive or follicular)
Pleural disease
Pleural effusion

19–57%

Female sex, high RF titre and long disease duration

Middle-aged males with positive RF and rheumatoid nodules
Rheumatoid effusion: classically sterile, exudative fluid with low pH (<7.3),
glucose <60, and elevated LDH

Symptomatic in 3–5%, though present
in up to 70% in autopsy studies

UIP: usual interstitial pneumonia; NSIP: nonspecific interstitial pneumonia; LIP: lymphocytic interstitial pneumonia; DIP: desquamative interstitial
pneumonia; CT: computed tomography; HRCT: high-resolution CT; RF: rheumatoid factor; LDH: lactate dehydrogenase. Data from [9, 10, 12–21].
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Many genetic studies have identified variants that are associated with increased susceptibility to pulmonary
fibrosis, with similarities between RA-ILD and familial idiopathic pulmonary fibrosis (IPF), as well as
other fibrotic ILDs [29, 30]. The MUC5B promoter variant, which is involved in airway clearance and
bacterial host defence, is the strongest genetic risk factor for IPF and is observed in at least 50% of patients
with the disease [30, 31]. The MUC5B variant has been to shown to be associated with RA-ILD
( particularly those with usual interstitial pneumonia (UIP) pattern), as well as fibrotic hypersensitivity
pneumonitis (HP) [31, 32]. In addition, a study using whole exome sequencing found that patients with
RA-ILD demonstrated an excess of mutations in genes that have been previously linked to familial
pulmonary fibrosis including TERT, RTEL1, PARN and SFTPC [33].
Environmental factors
Among the investigated environmental risk factors, substantial evidence exists supporting cigarette
smoking as a risk factor for development of seropositive RA, as well as RA-ILD. This relationship was
first described over 30 years ago and has been reported in numerous subsequent studies [34–45]. In one
study of patients with RA and >25 pack-year smoking history, those with smoking history were 3.1 times
more likely to be positive for RF, and 2.4 times more likely to have joint erosions than patients with RA
who did not smoke, suggesting that cumulative cigarette smoke exposure might influence the severity of
articular manifestations in RA [34].
On a molecular level, smoking, and possibly other inhaled pro-inflammatory agents (such as silica dust),
have been implicated in promoting protein citrullination in the lungs, a process mediated by
peptidylarginine deiminase enzymes [41]. These findings suggest that smoking can modify self-proteins in
the lung to become autoimmune targets [46]. Furthermore, in a large case–control study from Sweden
evaluating patients with ACPA and RA, the combination of smoking history and the presence of double
copies of HLA-DR shared epitope genes increased the risk for RA 21-fold compared with the risk among
nonsmokers carrying no shared epitope genes, again indicating that in the context of HLA-DR shared
epitope genes, smoking may trigger RA-specific immune reactions to citrullinated proteins [42].
RA-ILD
Epidemiology and risk factors
ILD is the most common pulmonary manifestation of RA lung disease, being detected in up to 60% of
patients with RA on high-resolution computed tomography (HRCT), clinically significant in 10% of cases,
and is a leading cause of illness and death in patients with RA [5, 6, 8, 31]. Although RA is more
common in females, RA-ILD occurs more frequently in males, with a male-to-female ratio as high as 2:1
in some studies [47, 48]. Onset of lung disease typically occurs in the fifth to sixth decade of life.
Additional risk factors associated with RA-ILD that have been reproduced across studies include smoking
history, seropositivity for RF or anti-CCP antibodies, as well as RA disease activity [6, 12, 49–52].
Few genetic associations between RA and pulmonary fibrosis have been identified so far; most
associations involve the MHC gene loci on chromosome 6, which has a major function of antigen
presentation to T-cells at the start of an adaptive immune response.
HLA-B54, HLA-DQ1B*0601, HLA-B40, and the site encoding a-1 protease inhibitor are associated with
an increased risk of ILD in patients with RA [46].
Diagnosis of RA-ILD
The diagnostic approach to patients with ILD in the setting of known or suspected RA requires a
collaborative multidisciplinary approach with expert radiology, pathology, rheumatology and pulmonology
input, evaluating for other potential causes of ILD such as HP, pneumoconiosis, connective tissue diseases
(CTD) other than RA, or iatrogenic causes such as drug toxicity (figure 1).
Imaging
Patients with RA manifesting pulmonary symptoms need to be evaluated with chest imaging. While routine
chest radiographs may be considered as a first initial step, HRCT images are essential to detect patterns and
distributions of interstitial pneumonia, airway, pleural and other parenchymal abnormalities including
nodules, bronchiectasis, and vascular abnormalities at baseline and to monitor disease progression over time.
While all patterns of interstitial pneumonia are known to occur in RA-ILD, the most common
manifestation of RA-ILD is the UIP pattern. In a study of patients with RA-ILD, four major HRCT
patterns of disease were identified, namely UIP (37%), nonspecific interstitial pneumonia (NSIP) (30%),
obliterative bronchiolitis (17%), and organising pneumonia (OP) (8%) [53]. The UIP pattern is
https://doi.org/10.1183/16000617.0011-2021

3

EUROPEAN RESPIRATORY REVIEW

INTERSTITIAL LUNG DISEASE | S. KADURA AND G. RAGHU

Patient with HRCT evidence of interstitial
abnormalities of unknown aetiology

Pre-existing established
RA diagnosis

Serologies for CTD
evaluation, including
RF/anti-CCP
Rheumatology
consultation

HRCT pattern

High confidence
diagnosis of RA

RA unlikely

MDD with radiologist

UIP, NSIP, OP, LIP

Mosaic attenuation,
centrilobular nodules,
bronchial wall
thickening

Alternative diagnosis
and/or compelling
clinical history
(i.e. + exposure history)
BAL and /or
lung biopsy#

MDD to include ILD expert pulmonologist, radiologist, rheumatologist and pathologist

RA-ILD

RA-associated
bronchiolitis
(constrictive or
follicular)¶

RA/CTD-ILD
excluded+

Alternative diagnosis§

FIGURE 1 Suggested approach to the diagnosis of rheumatoid arthritis (RA) (and/or connective tissue disease
(CTD))-associated interstitial lung disease (ILD). HRCT: high-resolution computed tomography; RF: rheumatoid
factor; CCP: cyclic citrullinated protein; MDD: multidisciplinary discussion; UIP: usual interstitial pneumonia;
NSIP: nonspecific interstitial pneumonia; OP: organising pneumonia; LIP: lymphocytic interstitial pneumonia;
BAL: bronchoalveolar lavage. #: transbronchial biopsy, cryobiopsy or surgical lung biopsy, as per the treating
clinician’s discretion and/or MDD; elective surgical lung biopsy in patients may be considered if transbronchial
lung biopsy and/or cryobiopsy is non-diagnostic in patients who are stable and are not at high risk for surgical
complications; ¶: findings can overlap with other radiographic patterns; +: patients should be re-evaluated
when appropriate if clinical symptoms or features of CTD develop during follow-up; §: pursue alternative
diagnoses guided by appropriate clinical setting and guidelines (e.g. idiopathic pulmonary fibrosis,
hypersensitivity pneumonitis, sarcoidosis, etc.).

characterised by subpleural, basal predominant, reticular abnormalities with honeycombing, and traction
bronchiectasis with a relative absence of ground-glass opacities and air trapping on exhalation (figure 2)
[54]. NSIP is characterised by basilar predominant, ground-glass opacities and absence of honeycombing
[55]. Additional patterns less commonly seen in RA include other patterns of interstitial pneumonia,
including OP, diffuse alveolar damage, lymphocytic interstitial pneumonia (LIP) and desquamative
interstitial pneumonia (DIP)-like patterns. Combined pulmonary fibrosis and emphysema (CPFE) has also
been demonstrated on HRCT scans in patients with RA. HRCT image analysis in patients with smoking
history with either IPF or RA-ILD revealed the coexistence of radiographically evident emphysema in
close to 50% of individuals with RA-ILD and 35% of those with IPF, and association to lower pack-year
smoking histories than in control groups [56]. These findings again provide support for possible
pathogenetic linkage to smoking in both diseases.
https://doi.org/10.1183/16000617.0011-2021
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a)

b)

FIGURE 2 a) Axial and b) coronal computed tomography scans of usual interstitial pneumonia pattern in a
66-year-old Puerto Rican female known to have rheumatoid arthritis. Subpleural and basilar predominant
reticulations, minimal ground-glass opacities, and honeycombing (arrow) are visible, as well as traction
bronchiectasis.

Bronchoalveolar lavage
The cellular findings of bronchoalveolar lavage (BAL) fluid in patients with RA-ILD are often abnormal
but nonspecific. Based on limited data, lymphocytosis appears to be more common in patients with
RA-ILD, other than UIP pattern while increased neutrophil count is more common in patients with UIP
pattern [57]. Given the nonspecific BAL findings, BAL is typically performed in the setting of clinical
decompensation to rule out infection and is generally not used as a diagnostic tool.
Pathology
Although knowledge of the histopathological pattern of interstitial pneumonia by surgical lung biopsy
(SLB) may clarify the diagnosis in patients manifesting imaging patterns of interstitial pneumonia (other
than UIP) and could be of prognostic value, one should carefully outweigh the benefits and risks of
performing SLB, as this knowledge is usually not essential to determining a treatment regimen, which
generally includes immunomodulating agents [55]. It is clear that patients with definitive UIP pattern do
not require SLB for the purposes of histopathology confirmation, as the correlation with radiographic
UIP pattern has been well documented [23, 58, 59]. SLB can be considered in cases with HRCT patterns
other than UIP where the diagnosis of CTD is not clearly established (such as in a case where lung
symptoms precede articular RA manifestations), or when alternative diagnoses are being considered
(figure 1) [60].
When SLB is obtained, the histopathology may reveal recognised features of UIP, NSIP, OP, DIP or LIP, and
superimposed features of diffuse alveolar damage if the SLB is obtained during an acute exacerbation [55].
The histopathologic pattern of UIP may be seen in up to 61% of patients with RA-ILD [61, 62].
Subtle histopathological differences may be seen between RA-UIP and IPF. In RA-UIP, there are often
fewer fibroblast foci and a higher number of germinal centres [9, 63]. In addition, lung biopsy specimens
from patients with RA and UIP pattern may have an increased number of CD4+ lymphocytes compared
with those from patients with IPF [64]. Of note, RA-related UIP may have concurrent presence of
follicular bronchiolitis, rheumatoid nodules, or chronic pleuritis [28].
Similarities of RA-ILD to IPF and other fibrotic ILDs
RA-ILD shares several characteristics with IPF, including common environmental risk factors, a high
prevalence of a UIP pattern, risk for progressive disease, and poor survival [12, 13, 31, 59, 65, 66].
Strong mechanistic similarities between RA-UIP and idiopathic forms of UIP suggest possible shared
pathways of pathogenesis and mechanisms of fibrosis, opening up opportunities for development of
therapeutic strategies that could improve clinical outcomes in both conditions [67]. The predominance of the
UIP pattern in RA-ILD contrasts with that of other CTDs such as systemic sclerosis (SSc), where the
pathologic pattern found on lung biopsies is most commonly NSIP [56]. NSIP occurs in approximately
one-third of patients with RA-ILD and is associated with a longer duration of articular manifestations, lower
risk of disease progression, and better treatment response compared with UIP [61, 68]. Similar to IPF, the
https://doi.org/10.1183/16000617.0011-2021
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clinical course of RA-ILD with UIP pattern is highly variable, and episodes of acute exacerbation can occur
[28, 69]. In addition, the UIP pattern observed in RA patients predicts worse survival (3.2 versus 6.6 years)
when compared with a non-UIP pattern of RA-ILD and a similar survival to those with IPF [59, 66, 68, 70].

Pathogenesis of RA-ILD: current concepts
The pathophysiology of lung involvement in RA is a consequence of a complex relationship between
genetic, environmental and autoimmune factors that contribute to the aberrant tissue response in the
alveolar wall and pulmonary parenchyma, which include airways and alveolar epithelial cells, lung
fibroblasts and components of extracellular matrix (figure 3).

Immunopathogenesis of RA-ILD and shared mechanisms with IPF
Patients with RA typically have circulating antibodies, most notably RF and ACPAs. These autoantibodies
are present in an estimated 50–80% of RA patients and are often (though not always) present in the serum
for several years prior to clinical disease onset, suggesting a sequence of events in which antibodies develop
in hosts with genetic and/or environmental predispositions, leading to an inflammatory response and
development of clinically apparent disease [24, 73, 74]. In individuals who are genetically predisposed,
citrullination, a post-translational modification marked by the conversion of arginine to citrulline, can trigger
an immune response leading to the production of ACPAs, which are strongly associated with development
of RA [75, 76]. RF, an autoantibody directed against the Fc part of human immunoglobulin (Ig)G, was the
first autoantibody to be described in RA. Clinically, the diagnostic utility of RF itself is somewhat limited
by its relatively poor specificity, as increased RF levels can be encountered in the serum of 5–10% of
healthy patients, other CTDs, as well as various inflammatory conditions and increasing age. Higher titres of
RF (i.e. three times the upper limit of normal) have greater specificity for RA. ACPAs have a similar
sensitivity to RF for RA but have a much greater specificity (95–98%) [77–79]. Both ACPAs and RF are
included in the 2010 American College of Rheumatology classification criteria for RA [80].
Although potential mechanisms explaining the immunopathogenesis of RA lung disease have been
identified, the site where the initial event in the RA pathogenetic cascade occurs is not known. One
proposed theory is that RA-associated lung disease originates in the synovial tissue following an immune
response against citrullinated proteins that subsequently cross-react with similar antigens in the lungs. The
basis of this hypothesis comes from the fact that the majority of RA lung disease cases initially present
with joint symptoms prior to lung involvement [28]. There has, however, been an increasing amount of
evidence suggesting that inciting events leading to RA development may in fact occur at sites distal to the
synovial joints [26]. The “mucosal origins” hypothesis suggests initiating events that precede symptomatic
RA might originate at one or more mucosal sites (namely the oral, airway or gastrointestinal tract) and then
transition to involve synovial joints [67, 81]. Although the hypothesis remains unproven, evidence from an
increasing number of studies over the recent years have demonstrated a major role for the microbiome in
RA development [67, 81, 82]. Of particular relevance to a mucosal origins hypothesis is the discovery of
IgA ACPAs in sputum samples from individuals at risk of developing RA, since IgA antibodies are
important in the regulation of mucosal defences [81, 83]. In another study involving patients with early
untreated RA without lung involvement, the ACPA positive individuals had higher concentrations of
ACPAs in BAL samples than in serum samples, and also had substantial evidence of immune activation in
bronchial tissue when compared with controls. These findings reinforce the significant role of the lung
compartment in the pathogenesis of ACPA-positive RA [84].
A recent study by ZHANG et al. [85] demonstrated evidence of the role that interleukin (IL)-17 plays in the
pathogenesis of murine pulmonary fibrosis, as well as in both RA-ILD and IPF, which may have clinical
implications for therapeutic strategies targeting pulmonary fibrosis in RA-ILD as well as IPF. TH17
cytokines, such as IL-17A and transforming growth factor-β1, cause fibrosis through direct effects on
fibroblasts, leading to their proliferation and extracellular matrix generation [85, 86]. In addition, citrullination
of lung tissue has been reported in both RA-ILD as well as IPF, and is another shared mechanism in the
immunopathogenesis of both conditions [83]. One study identified rates of protein citrullination in lung tissue
of IPF patients (44%) as being similar to those found in RA-ILD patients (46%) [49]. It has been speculated
that differences between these two disease entities, including extra-pulmonary manifestations, may reflect
immunogenetic factors (such as the HLA-DR genes) that may ultimately lead to citrulline-target immune
responses mediated by ACPAs and possible articular disease [83]. Despite shared immune mechanisms
between RA-ILD and IPF, there are also important differences that exist. Lung tissue from RA-ILD patients
contains greater numbers of inducible bronchial-associated lymphoid tissue than IPF patients, suggesting that
immune dysregulation may play a more central role in RA-ILD than IPF [87].
https://doi.org/10.1183/16000617.0011-2021

6

EUROPEAN RESPIRATORY REVIEW

INTERSTITIAL LUNG DISEASE | S. KADURA AND G. RAGHU

2. CD20 receptor binder
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FIGURE 3 Schematic illustration of the concepts in the pathogenesis of rheumatoid arthritis (RA)-associated interstitial lung disease (ILD) with
various therapeutic targets. The pathogenesis of RA is thought to involve an interplay between various risk factors (including smoking history, male
sex and older age) and genetic predisposition (such as the shared epitope HLA-DRB1). In the lung, various environmental exposures causing airway
and alveolar epithelial cell damage may lead to increased citrullination of proteins which, in an individual who is genetically predisposed, is
thought to trigger an inflammatory process characterised by activation of cytokines, chemokines and growth factors, such as tumour necrosis
factor (TNF), vascular endothelial growth factor (VEGF), platelet-derived growth factor (PDGF) and interleukins (IL). These contribute to both
proliferation and differentiation of fibroblasts, increased synthesis and deposition of extracellular matrix (ECM), and increased activity of matrix
metalloproteinases (MMP), resulting in the development of ILD and pulmonary fibrosis. Fibroblasts in the synovial lining play a similar role in the
pathogenesis of joint manifestations of RA. Various therapeutic targets include: 1) exposure avoidance via smoking cessation; 2) binding of CD20
receptor, leading to B-cell depletion (e.g. rituximab); 3) antiproliferative or cytotoxic agents (e.g. cyclophosphamide and mycophenolate); 4) TNF-α
inhibitors (e.g. adalimumab, etanercept and infliximab); 5) pro-inflammatory IL-6 cytokine inhibitors (e.g. tocilizumab); and 6) antifibrotic agents
(nintedanib and pirfenidone). Therapeutic agents not included in the figure include corticosteroids, which promote an anti-inflammatory response
via inhibition of prostaglandin and leukotriene synthesis, and reduction of the number of circulating monocytes, as well as inhibiting the release of
collagenase and lysosomal enzymes [71]. Also not pictured are nonbiologic (i.e. traditional or conventional) disease-modifying anti-rheumatic
drugs, such as methotrexate, for which the exact mechanism in RA is unknown, but is thought to involve adenosine signalling via increase of
adenosine levels leading to an intracellular cascade promoting an overall anti-inflammatory state [72]. CCP: cyclic citrullinated peptide; HLA:
human leukocyte antigen. Reproduced and modified from [60] with permission.

Understanding RA-ILD pathogenesis via animal models
Acknowledging that there are currently no widely accepted animal models for RA-ILD, the most
commonly employed methods used to generate animal models in RA-ILD include induction via immune
stimulants or through genetic engineering via gene mutation or transgenic systems [88]. Though there are
multiple models of RA designed to replicate joint pathology, there are currently only three main arthritic
models which contain lung pathology: the SKG murine model; the adjuvant arthritis model; and the
tumour necrosis factor (TNF)-transgenic model [89].
https://doi.org/10.1183/16000617.0011-2021
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RA-ILD animal models have led to improved understanding of pulmonary pathology secondary to
systemic inflammation [89]. There are, however, limitations to RA-ILD animal models, as they cannot
replicate clinical pathology and are limited in experimental research application. All known models of
RA-ILD up to this point closely resemble cellular NSIP, with limited evidence of fibrosis and absence of
UIP features, which is most frequently encountered in RA-ILD. Although speculative, UIP as a continuum
of NSIP has been proposed as a possible explanation for this discrepancy [89]. Further exploration and
improvement of animal models to more closely resemble clinical features of human RA-ILD is needed.
Treatment
In patients diagnosed with RA-ILD, it is important that a baseline assessment of disease severity is made
and that patients are diligently followed in order to identify those who develop disease progression. The
severity and progression of disease are two major factors to consider when deciding whether to initiate or
augment ongoing treatment in patients with RA-ILD. These factors can be assessed clinically through
subjective assessment of symptom worsening, decline in pulmonary function tests (PFTs), or radiologic
deterioration. Other factors of the individual patient such as age, comorbidities, UIP or patterns other than
UIP, and patient wishes should be taken into account, since there are no randomised controlled trials
(RCTs) to date to facilitate discussions regarding treatment choice based on evidence.
Immunomodulating agents
Corticosteroids, cyclophosphamide and mycophenolate
The optimal treatment strategy for patients with RA-ILD has not been well studied. To date, there have
been no RCTs comparing medications for the treatment of RA-ILD.
Treatment with immunosuppressive agents is generally used regardless of the pattern of fibrosis, though
research is much needed to address whether this is the best strategy. Corticosteroids are the mainstay of
therapy in RA-ILD, particularly for cases of NSIP or OP where they may lead to regression of consolidation
on imaging and potential clinical improvement [90]. A retrospective study by SONG et al. [91] demonstrated
that in patients with RA-UIP, treatment with glucocorticoids alone or in combination with
immunosuppressive medications improved or stabilised the disease in about 50% of 84 patients, but without
significant difference in survival with the untreated group. In another recent retrospective study of 26
patients with CTD-ILD (including 11 patients with RA-ILD), those treated with pulse-dose steroids followed
by 1 year of tacrolimus combination therapy with corticosteroids showed improvement in forced vital
capacity (FVC), walk test variables, and patient-reported outcomes, including in the majority of patients
with UIP pattern [92]. This is in contrast to IPF, in which the use of immunosuppressive therapy has been
associated with worse outcomes and is contraindicated [93].
Cyclophosphamide (CYC) and mycophenolate mofetil (MMF) have been used with varying success,
though the suggestion for use are based on limited retrospective and/or uncontrolled studies [94–99]. In a
retrospective study of 21 patients with progressive RA-ILD (14 with UIP pattern), mean survival time was
better in those treated with pulse CYC than in patients with better baseline lung function who did not
receive CYC (72 versus 43 months) [95]. A major downside of treatment with CYC is the potential for
devastating toxicity associated with its use, including haemorrhagic cystitis, bladder cancer, bone marrow
suppression, increased risk of opportunistic infections, and haematological and solid organ malignancies,
limiting its use as a long-term treatment [98].
While the treatment with MMF (and CYC) is extrapolated from studies in patients with SSc-ILD, there are
no prospective studies examining efficacy of MMF in patients with RA-ILD [100, 101]. There have been
several small studies that have demonstrated stabilisation and/or improvement in symptoms, lung function
and imaging with use of MMF [96, 97]. In a review of 125 patients with various CTD-ILDs (18 with
RA-ILD), treatment with MMF for a median of 897 days was associated with improvements in FVC %
predicted and diffusing capacity of the lung for carbon monoxide in patients with non-UIP pattern and led
to stabilisation among those with UIP. The drug was well tolerated in general, with a discontinuation rate
due to adverse events of <10% [97].
DMARDs, biologic agents and potential for pulmonary toxicity
A challenge in treating RA-ILD lies in the fact that many of the therapeutic options for RA such as
DMARDs and biologic agents have been linked to pulmonary toxicity (albeit rare). While DMARDs and
biologic agents are widely used for the joint manifestations of RA, the potential treatment benefits for
RA-ILD are unknown.
https://doi.org/10.1183/16000617.0011-2021
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The temporal relationship to onset of new pulmonary manifestations and initiation of therapy is crucial in
raising the index of clinical suspicion of drug-induced lung toxicity in methotrexate (MTX) as well as
biologic drugs, such as TNF-modulating agents. This can be quite challenging in patients with pre-existing
ILD, though development of new parenchymal abnormalities in these patients in whom the differential
diagnosis includes drug-induced lung toxicity should be evaluated further with appropriate diagnostic and
therapeutic interventions (figure 4).

Methotrexate
MTX is the most common first-line agent used to treat RA that prevents joint destruction. A possible link
between this medication and lung disease was first reported in 1983; since then, numerous additional cases
have been reported [102–104]. Acute/subacute HP has been well-described in the literature, with a variable
prevalence ranging from 1–2%, with a higher dose more likely to be associated with pulmonary toxicity,
typically occurring within the first year of treatment [105–107]. Most of the literature demonstrating this
association comes from observational studies, which indeed have their limitations, the most relevant of
which are a susceptibility to ascertainment and channelling biases [108]. More recent studies have
suggested that MTX-associated HP is much less common than previously thought. Notably, since 2001, no
cases have been reported in RCTs of MTX in RA [102, 109]. Furthermore, a meta-analysis of
double-blind RCTs in patients with RA treated with MTX found an increased risk of infectious but not

Pre-existing RA-ILD and worsening
respiratory symptoms, +/– systemic
symptoms such as fever
Obtain HRCT imaging
Presence of new parenchymal abnormalities
such as nodules, GGOs, progression/extension
of underlying fibrosis

BAL with stains, cultures, +/– lung biopsy (TBBx, cryobiopsy, SLB)#

Negative for infection,
+/– presence of granulomas

Positive infection

Absence of granulomas
or infection

Temporal association
between initiation
of drug (DMARD
and/or biologic
agent) and pulmonary
manifestation
Drug-induced pulmonary
toxicity likely; discontinue
oﬀending agent

Treat for infection

Disease progression; consider
increasing immunosuppression
or addition of DMARDs/biologic
and/or antifibrotic agents;
participation in clinical trials
if available

FIGURE 4 Suggested diagnostic approach for management of lung disease progression versus pulmonary
infection or toxicity induced by disease-modifying anti-rheumatic drugs (DMARDs) in a patient with pre-existing
rheumatoid arthritis-associated interstitial lung disease (RA-ILD). HRCT: high-resolution computed tomography;
GGOs: ground-glass opacities; BAL: bronchoalveolar lavage; TBBx: transbronchial lung biopsy; SLB: surgical
lung biopsy. #: transbronchial biopsy or cryobiopsy, as per the treating clinician and/or multidisciplinary
discussion; elective SLB in patients may be considered if TBBx and/or cryobiopsy is non-diagnostic in patients
who are stable and are not at high risk for surgical complications.
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non-infectious pulmonary disease associated with MTX use, casting further doubt on previously held
notions of the drug’s pulmonary effects [102, 108].
Nonetheless, due to the potential of pulmonary toxicity associated with MTX use, it is seldom used as an
agent for treatment of RA-ILD.
Biologic drugs including anti-TNF agents
Biologic drugs are used to treat moderate-to-severe RA in patients who have not responded adequately to
traditional DMARDs [110, 111]. TNF-α inhibitors (TNFi) may have both profibrotic and antifibrotic effects,
the imbalance between these two roles may potentially trigger fibrosis or stabilise ILD [72, 112, 113].
Similar to MTX, controversy exists for both TNFi and rituximab in the treatment of ILD, with some
studies showing improvement and others demonstrating development or progression of ILD [114–118]. In
one study assessing 122 cases of new-onset or exacerbated ILD in the setting of TNFi use, 108 cases were
patients with RA. Of note, 63% of these patients had been treated with MTX, and 38% had pre-existing
ILD [118]. In contrast, a large cohort study of 8417 patients with autoimmune disease did not show any
significant difference in the incidence of ILD between those who were treated with anti-TNF therapy
(0.5%) and those were treated with other therapies (0.3%). The incidence of ILD occurring in patients with
RA was seven times higher than that for other CTDs, but again no significant difference was noted
between those who received anti-TNF therapy and those who did not [117]. Though not specifically
evaluating patients with RA-ILD, in a prospective randomised, double-blind clinical trial, etanercept did
not demonstrate therapeutic potential and/or pulmonary toxicity in patients with IPF [119]. In a more
recent prospective study in patients with RA-ILD, DETORAKIS et al. [116] found that in RA patients with or
without ILD treated with TNFi, the extent of radiographic disease remained largely unchanged after 1 year
of follow-up in those with RA-ILD, and none of the patients in the RA non-ILD group developed
new-onset ILD. There was also no exacerbation of ILD associated with TNFi therapy [116].
Antifibrotic therapy for progressive fibrotic ILD
Given the mechanistic similarities between RA-related UIP and IPF, there is increasing interest regarding
the potential benefit of antifibrotic treatment in patients with progressive fibrotic RA-ILD, particularly in
those with UIP pattern. It is unknown if antifibrotic medications are effective for articular manifestations of
the disease, and concomitant treatment with immunomodulating therapies may be required [113].
Results of the INBUILD trial suggest a treatment benefit with nintedanib in patients manifesting
pulmonary disease progression when a heterogeneous group of patients with progressive fibrotic
ILD (PF-ILD) (other than IPF) were grouped together as a single entity [120]. A sub-group, post-hoc
analysis suggested a treatment benefit (specifically rate of FVC decline) across all diagnostic subgroups
(including some autoimmune-ILD), although the trial was not designed or powered to provide evidence for
benefit of nintedanib in specific diagnostic subgroups [121]. Additionally, it is unknown how many
patients (if any) had RA-ILD in the INBUILD trial, making the benefit of nintedanib unclear in the
specific cohort of patients with RA-ILD. While it is not associated with an improvement in lung function,
nintedanib has been shown to reduce the decline in FVC by about 50% in the heterogeneous group of
PF-ILD patients with UIP pattern, hence the concept that PF-ILD, regardless of the underlying aetiology,
may be amenable to antifibrotic treatment [30, 120].
Pirfenidone reduces levels of IL-6 and TNF-α, both key cytokines in RA pathogenesis [122]. It has also
recently been shown to have an inhibitory effect on transition from fibroblast to myofibroblast in RA-ILD
lung specimens [123]. This background may suggest a plausible rationale in the use of pirfenidone in
patients with RA-ILD, especially in UIP pattern.
Data from a recent clinical trial in patients with unclassifiable PF-ILD suggested that pirfenidone may
reduce disease progression [124]. In addition, results of the RELIEF trial, a phase II randomised,
double-blind, placebo-controlled trial designed to evaluate safety and efficacy of pirfenidone for
progressive, non-IPF lung fibrosis, are eagerly awaited [125]. While the TRAIL1 study, a phase 2,
randomised, double blind, placebo-controlled trial, was intended to determine the safety and efficacy of
pirfenidone in RA-ILD, the study was recently aborted for a regrettable inability to recruit the number of
patients required within the planned time frame amid the coronavirus disease 2019 pandemic. Analyses of
the data gathered are anticipated.
Given both the inflammatory and fibrotic mechanisms are involved in RA-ILD, combination therapy with
anti-inflammatory/immune modulating and antifibrotic agents is a potential treatment strategy in some
https://doi.org/10.1183/16000617.0011-2021
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patients, though this will need to be explored further in prospective studies [113]. In the interim,
antifibrotic therapy for non-IPF, PF-ILD may be an option for consideration in some patients as an add-on
or a second-line therapy after demonstration of progressive fibrosis despite conventional treatment [126].
There are just a few studies currently evaluating the safety, tolerability and efficacy of both
immunosuppressive as well as antifibrotic drugs in RA-related ILD (https://clinicaltrials.gov NCT03084419:
abatacept in RA-ILD; NCT02808871: pirfenidone versus placebo; NCT04311567: tofacitinib versus
methotrexate).
Other treatment considerations
Other treatment considerations not discussed in this review include cessation of cigarette smoking,
pulmonary rehabilitation, oxygen supplementation, treatment of associated pulmonary hypertension as well
as other comorbidities including abnormal gastro-oesophageal reflux, and lung transplant consideration
when appropriate.
Prognosis and predictors of mortality in RA-ILD
Both cardiac and respiratory manifestations are leading causes of mortality in patients with RA [127, 128].
In a study by SOLOMON et al. [66] in patients with RA-ILD followed from 1995 to 2013 with either NSIP
or UIP patterns, it was found that after controlling for potential confounding variables (such as age, sex,
smoking and HRCT pattern) a lower baseline FVC % predicted as well as a 10% decline in FVC % from
baseline to anytime during follow-up were both independently associated with an increased risk of death,
though HRCT pattern was not a significant predictor of mortality. Patients with RA-UIP had shorter
survival time than those with RA-NSIP (47% died versus 24%, respectively) [66]. These findings put
together suggest that in patients with significant baseline physiologic impairment or evidence of
physiologic disease progression over time (as defined by decline in FVC %) there is a greater risk of death,
regardless of the chest computed tomography imaging pattern. A recent retrospective study that followed
patients with RA and RA-ILD from 2005 to 2018 found that although overall RA-related mortality rates
decreased from 30.6 per 1 000 000 population in 2005 to 22.2 in 2018, the RA-ILD mortality rates
remained stable in both sexes, all races, and all age groups except for ages 65 to 84 years, in which the
rates declined [129]. These findings suggest that improved therapies and management of RA and
RA-associated comorbidities may have led to improved overall outcomes for patients with RA, but have
had limited effect in the subgroup of patients with RA-ILD.
Airway disease
Prevalence of airway disease in RA is high and can occur in 39–60% of patients [70, 130, 131]. Both the
large (upper and lower) and distal small airways can be involved. The most common manifestations are
bronchiectasis, bronchiolitis, airway hyperreactivity and cricoarytenoid arthritis [132].
Upper airway involvement
Upper airway disease manifestations in RA include arthritis of the cricoarytenoid joint leading to midline
adduction of vocal cords with resultant hoarseness and/or stridor, vasculitis affecting the recurrent
laryngeal or vagus nerves leading to vocal cord paralysis, as well as rheumatoid nodules involving the
vocal cords [60, 132].
Lower airway involvement
Causes of lower airway disease in RA include bronchial hyperresponsiveness, bronchiectasis, or
bronchiolitis. Bronchiectasis has been demonstrated on HRCT in ∼30% of RA cases, although it may be
clinically silent and can both precede or follow the development RA [7, 133]. Several hypotheses have
been put forward to explain the mechanisms underlying the development of bronchiectasis in RA,
including a link between autoimmunity in RA leading to airway damage, as well as chronic suppurative
infections (which is perhaps enhanced in the setting of RA and/or treatment with immunomodulating
medications) leading to bronchiectasis [60].
When bronchiectasis is severe enough to produce clinical symptoms, it may complicate the use of
immunosuppressive medications, particularly biologic agents, as both bronchiectasis and therapy with
these agents are independent risk factors for lower respiratory tract infections [134]. There is no specific
therapy for patients with bronchiectasis associated with RA. Treatment of bronchiectasis in RA does not
differ from either condition alone and involves bronchodilators, bronchial hygiene, and antibiotics when
needed in the case of infection [133].
https://doi.org/10.1183/16000617.0011-2021
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Two forms of small airway disease (follicular bronchiolitis and constrictive bronchiolitis) have been
described in association with RA [132]. Follicular bronchiolitis occurs in the setting of hyperplasia of
bronchial-associated lymphoid tissue and can also be seen in other CTDs. HRCT demonstrates
centrilobular peribronchial nodules <3 mm in size with branching structures corresponding to bronchial
dilation and wall thickening (figure 5) [135]. Histopathological findings include the presence of
hyperplastic lymphoid follicles with reactive germ cell centres within bronchiole walls [132]. Treatment is
directed at the underlying RA, and additional treatment may not be necessary for mild disease. For more
severe or symptomatic disease, corticosteroids and macrolide antibiotics have been used [135].
Constrictive bronchiolitis (or bronchiolitis obliterans) is a rare, small airways disease characterised by
destruction of bronchiolar epithelium and subsequent progressive airflow obstruction [136, 137]. It is more
common in females, those with positive RF, and longstanding untreated disease and has also been
associated with certain medications including gold, penicillamine and sulfasalazine. Though bronchiolitis
obliterans in the setting of organ transplant has been well-described, the disease course in non-transplant
patients (most commonly associated with CTD) remains poorly understood [132, 137]. HRCT findings are
nonspecific, but may show centrilobular nodules, bronchial wall thickening, and mosaic attenuation. PFTs
generally show airflow obstruction with normal diffusing capacity of the lung for carbon monoxide.
Prognosis of RA bronchiolitis is generally thought to be poor; however, in a prospective study in 15
patients with RA and biopsy-proven follicular or constrictive bronchiolitis (in which 50% of patients had
RA), the forced expiratory volume in 1 s (FEV1) showed stability over time in both patients with and
without bronchiolitis over 3 years of follow-up [132, 138]. These results should, however, be interpreted
with caution, as one-third of patients in the study had history of tobacco use (which may have had an
impact on FEV1 decline). Another retrospective study in patients with bronchiolitis obliterans and RA
included more than half of patients with emphysema, again making interpretation of lung function testing
challenging [139]. In the largest available retrospective study to date of 41 patients with RA-bronchiolitis
obliterans in which those with radiologic evidence of emphysema were excluded, findings demonstrated a
fairly stable clinical course despite persistent symptoms and severe airflow obstruction on presenting FEV1.
All-cause mortality was 27% over a median follow-up of 62 months [137]. These findings may suggest
that bronchiolitis associated with CTD may have a less aggressive course than idiopathic disease.
Given the rarity of the disease, large, randomised trials for bronchiolitis obliterans in the setting of RA are
lacking. Medical therapy including a combination of long-acting inhalers, systemic corticosteroids or other
immunosuppressive agents, and macrolide antibiotics are often used with unclear benefit, though a few
case reports have described some improvement with anti-TNF therapy [140]. Case series have

FIGURE 5 Axial computed tomography scan demonstrating classic findings of follicular bronchiolitis in a
55-year-old male with rheumatoid arthritis. Note bilateral diffuse centrilobular peribronchial nodules <3 mm in
size with branching structures corresponding to bronchial dilation and wall thickening (arrows). Image courtesy
of Sudhakar Pipavath (University of Washington Medical Center, Seattle, WA, USA).
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demonstrated that macrolides improve or slow the progression of respiratory impairment in RA and
associated bronchiolitis obliterans, which is also evident for other bronchiolar diseases [135, 141]. In
severe cases, lung transplantation may be necessary.

Conclusions
The type and prevalence of manifestations of lung disease in RA varies, and can essentially affect any lung
compartment, including the lung parenchyma, pleura, airways and vasculature. Mechanisms of lung injury
have been attributed to an interaction between genetic, environmental, and autoimmune factors, as well as
superimposed toxicity related to medications. To date, there have been no RCTs for RA lung disease,
limiting guidance for treatment other than immunomodulating agents that are used for RA in general,
being aware that some of these agents are associated with pulmonary toxicity without substantial evidence
of efficacy.
Over the years, improved understanding of the biology and expected disease course, as well as overlapping
disease mechanisms identified in patients with RA-UIP and IPF, has led to consideration of additional
treatment options for those with RA and PF-ILD, namely antifibrotic agents. Further knowledge of disease
pathways in patients with RA lung disease will help to guide treatment with immunomodulating
medications that will target specific pathways relevant to the disease and can perhaps be combined with
antifibrotic agents when needed as a multimodal approach.
Future directions
There are several areas within the realm of RA-ILD (and more broadly CTD-ILD) for which there are
continued clinical challenges and unmet research needs [142]. Future directions should include a
multidisciplinary collaborative effort to both the care and research of patients with RA-ILD. Research
initiatives should prioritise standardised international criteria for the diagnosis and classification of
CTD-ILD (including RA-ILD), the development of strategies to allow for earlier identification of lung
involvement in those with RA, as well as to predict those at highest risk for disease progression.
Additionally, the identification of validated disease biomarkers is needed to aid in diagnosis,
prognostication and assessment of disease progression, as well as to evaluate individual treatment response.
Lastly, there remains an urgent need for the design of clinical trials for novel treatments of RA lung
disease that will improve outcomes, including quality of life that are meaningful to this group of patients.
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