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Rheumatoid arthritis (RA) is a systemic inflammatory disease, which primarily causes
symmetric polyarthritis. An extrarticolar involvement is common, and the commonly
involved organ is lungs. Although cardiac disease is responsible for most RA-related
deaths, pulmonary disease is also a major contributor, accounting for ~10-20% of all
mortality. Pulmonary disease is a common (60-80% of patients with RA) extra-articular
complication of RA. Optimal screening, diagnostic, and treatment strategies of pulmonary
disease remain uncertain, which have been the focus of an ongoing investigation.
Clinicians should regularly assess patients with RA for the signs and symptoms of
pulmonary disease and, reciprocally, consider RA and other connective tissue diseases
when evaluating a patient with pulmonary disease of an unknown etiology. RA directly
affects all anatomic compartments of the thorax, including the lung parenchyma, large
and small airways, pleura, and less commonly vessels. In addition, pulmonary infection
and drug-induced lung disease associated with immunosuppressive agents used for the
treatment of RA may occur.
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INTRODUCTION

Rheumatoid arthritis (RA) is a systemic inflammatory disease that primarily causes symmetric
polyarthritis. Nevertheless, extra-articular involvement is common, and lungs are affected in
60-80% of cases (1, 2). Although heart disease is largely responsible for RA-related mortality,
pulmonary disease is also a major contributor, accounting for 10-20% of all-cause deaths. RA
may affect all anatomic compartments of the thorax, including lung parenchyma, large and
small airways, pleura, and less commonly pulmonary vessels (3, 4). Airway infections and drug-
related pulmonary toxicity associated with an immunosuppressive therapy may further add up
and complicate the picture (3, 4). Optimal screening, diagnostic, and treatment strategies of RA-
associated pulmonary diseases are still unmet and represent the subject of an ongoing investigation.
Clinicians should carefully assess patients with RA with symptoms and on the other side consider
RA and other connective tissue diseases when evaluating a patient with pulmonary disease of an
unknown etiology (1, 2). This aspect is very important given the recent introduction of specific
antifibrotic therapies such as nintedanib and pirfenidone, whose efficacy and safety for patients
with RA are up-to-date under investigation.
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EPIDEMIOLOGY AND RISK FACTORS

Respiratory diseases particularly interstitial disease (RA-ILD) and
bronchiectasis (BR) are common extra-articular manifestations
of RA, with an estimated prevalence between 10 and 30%
(5, 6), depending on the population analyzed and the imaging
methodology used for detection. The probability of developing
interstitial lung disease (ILD) in patients with RA is higher
compared to controls and increases over time with ILD occurring
typically within 5 years of RA diagnosis. In up to 20% of patients,
it may even precede joint disease (7, 8). Whereas, RA is typically
more common in women, RA-ILD is more frequently detected
in men, with a male-to-female ratio of 2:1 (9). Remarkably,
patients with RA-ILD have a 3-fold increased risk of premature
death compared to patients with RA without ILD (7, 10), with
a median survival of 3 years following ILD diagnosis (7). The
association between RA and BR has long been recognized. The
prevalence of BR in RA was originally estimated around 2-12%
based on clinical symptoms; however, subclinical BR might have
a prevalence of up to 30-50% as more recently reported in studies
using a high-resolution computer tomography (HRCT) (11).
Coexistence of BR and RA is associated with a higher mortality
compared to BR alone (12). A number of studies report that age
older than 65 years, smoking habit, and male gender have been
recognized as the risk factors for developing RA-ILD (13-15).
Moreover, specific RA characteristics, such as serum positivity
for anti-citrullinated protein/peptide antibodies (ACPA) (16, 17),
and/or the rheumatoid factor (RF) (13, 18), the presence of
the RA-associated human leukocyte antigen HLA-DR4, and the
presence of other extra-articular manifestations, in particular
subcutaneous nodules, were found to be significant predictors for
ILD development [(6, 19, 20); Table 1].

ETIOPATHOGENESIS

Pathogenesis of pulmonary changes in the established RA may
involve various cell types and subtend complex interactions
among different cell compartments. Pulmonary manifestations
in RA are probably triggered by both local and systemic insults.

TABLE 1 | Predictors of Interstitial Lung Disease (ILD) development and severity in
RA patients.

- Age > 65 years old

- Male gender

- High RF levels

- ACPA positivity

- Subcutaneous nodules

- HLA-DR4 (DRB1*04) haplotype
- Smoking habit

- FVC <60% and DLCO <40%
- 6-12 month worsening in FVC of >10%, or in DLCO of >15%
- UIP pattern

- >20% of the lungs affected

- Diagnostic delay>24 months

Environmental factors, such as smoking or an exposure to other
inhalants (e.g., mineral dusts in Caplan’s syndrome) on one hand
and systemic and vascular inflammations on the other hand,
may synergize together and provoke alveolar inflammation and
interstitial fibrosis (21). Recent findings support a crucial role of
the lungs as key mucosal sites in which a loss of immune tolerance
results in the generation of RA-specific autoimmunity that
precedes joint disease and clinical arthritis onset (21). Indeed, one
of the main etiopathogenetic hypotheses that is emerged in recent
years is that in the presence of a genetic predisposition (e.g.,
HLA-DRBI1 haplotype; male sex), external factors (e.g., cigarette
smoke, silicone, or other allergens) may induce the aberrant
citrullination of alveolar peptides and proteins, which in turn
triggers the activation of T and B lymphocytes, leading to the
production of ACPA autoantibodies and immune complexes,
thus ultimately eliciting peripheral arthritis (21). Therefore, in
RA, lungs are primarily involved as extra-articular sites in the
initiation of the disease and secondarily involved as extra-
articular sites of the established disease (21) (Figure 1).

CLINICAL PICTURES

The respiratory system can be less often involved at the upper
level, with rare cases of cricoarytenoid or cricothyroid arthritis,
rheumatoid nodules affecting the vocal cords, and vagus nerve
or recurrent black laryngeal vasculitis (22-25). Lower airways
are instead affected in up to 65% of the cases, in the form
of follicular bronchiolitis (26), obliterative bronchiolitis (27),
and/or BR (28). RA can also affect the pleura, manifesting
itself as pleurisy or pleural effusion in up to 20% of the
cases (29), and more rarely as pleural rheumatoid nodules (30,
31). Lung vasculopathy may account for pulmonary arterial
hypertension in almost 20% of the cases (32, 33), pulmonary
vasculitis in around 8% of the cases (34, 35), and hemorrhagic
alveolitis or diffuse alveolar damage in rare cases (36). The most
frequent form of pulmonary involvement in RA is parenchymal
disease, which occurs in up to 30% of patients, in the form of
either ILD (36-38) or rheumatoid nodules (39). Furthermore,
RA has been described in association with pneumoconiosis
(following an exposure to asbestos, coal, or silica dusts) (40)
and combined with secondary amyloidosis (following arthritis-
related chronic inflammation) (41). Drug-associated pulmonary
toxicity and hypersensitivity pneumonitis may rarely occur (42,
43) (Figure 2).

INTERSTITIAL LUNG DISEASE

Interstitial lung disease is characterized by alveolar inflammation
and fibrosis of the pulmonary interstitium. Patients with
RA are approximately nine times more likely to develop
ILD as compared to the general population (38). HRCT is
more sensitive than X-ray in detecting ILD and allows to
identify ILD even at subclinical stages (44). The most typical
radiological pattern of RA-ILD is usual interstitial pneumonia
(UIP), representing more than half of the cases, followed
by nonspecific interstitial pneumonia (NSIP), organizing
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FIGURE 1 | Lungs as a site for the initiation of rheumatoid arthritis (RA).
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FIGURE 2 | Respiratory involvement in RA.
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pneumonia (OP), and lymphocytic interstitial pneumonia
(LIP) (45, 46). At HRCT, a definite UIP shows a bibasilar
and subpleural distribution, with septal thickening, reticular
fibrosis, traction BR and bronchiolectasis, and subpleural
cysts (the so-called “honeycombing”) (47). NSIP is primarily
characterized by bilateral, peripheral, and patchy ground-glass
opacities, typically sparing subpleural regions, and variably
mixed with reticular fibrosis (i.e., cellular vs. fibrosing NSIP)
(47). OP is characterized by parenchymal consolidations with
air bronchograms and surrounding ground-glass opacities, often
bilateral and confluent, with a patchy or lobar distribution (47)
(Table 2, Figure 3). An UIP pattern is particularly frequent in
patients who are older, men, and had a history of smoking. It
confers a worse prognosis, with survival rates similar to those
seen in idiopathic pulmonary fibrosis (48, 49, 52, 53) and more
frequent hospitalization rates for respiratory exacerbations
compared to patients with other HRCT patterns (50). ILD
is usually observed early in the natural history of RA (54),
and may even precede the onset of articular symptoms in
one-fifth of cases (8, 51, 55, 56). As previously mentioned,
up to nearly half of patients with RA may have a subclinical
ILD on HRCT (57, 58). Patients with RA-ILD commonly
report nonspecific respiratory symptoms, such as dry cough
and exertional dyspnea, which might be confused with
fatigue or arthritis-related functional impairment (51, 59-
61). Less frequent symptoms include chest pain, wheezing, and
productive cough in the presence of traction BR and concomitant
infections (62).

RHEUMATOID PULMONARY NODULES

Rheumatoid pulmonary nodules occur in about one-third of
patients with RA (63). They are mostly asymptomatic and
may be resolved spontaneously. Male gender, smoking habit,
and RF positivity are well-recognized risk factors (34). Patients
with pulmonary nodules are more often younger and may
concomitantly have subcutaneous nodules (64). Certain drugs
used in the treatment of RA, including methotrexate (MTX),
leflunomide, and TNF inhibitors (TNFi), may cause or worsen
pulmonary nodulosis and should be then discontinued in such
cases (65). Histopathological examination shows granulomatous
inflammation with epithelioid cells and chronic inflammatory
infiltrates. Fibrinoid necrosis can lead to parenchymal cavitations
(34), while necrotizing nodules can result into hemoptysis and
pneumothorax following their rupture into the pleural cavity.
Rheumatoid pulmonary nodules show distinctive radiological
and metabolic characteristics compared to malignancies. CT
features include multiplicity (generally >4 nodules), smooth
borders, cavitations, satellite nodules, peripheral location,
pleural contact, and subpleural rinds of soft tissue (Figure 4).
Optimal sensitivity (77%) and specificity (92%) for rheumatoid
pulmonary nodules can be obtained in the presence of >3 CT
features (64). Key 18FDG-PET/CT features include low-level
metabolism (SUVmax 2.7 £ 2 vs. 7.2 + 4.8, p = 0.007) and
the lack of 18F-fluorodeoxyglucose- (FDG-) avid draining lymph
nodes (64).

TABLE 2 | HRCT findings of Interstitial Lung Disease in RA (ILD-RA).

UIP — Usual
Interstitial
Pneumonia

13-56%

NSIP -
Nonspecific
interstitial
pneumonia

12-30%

OP- 11-15%
Organizing
pneumonia

LIP- Rare
Lymphocytic

interstitial

pneumonia

Bilateral, basilar,
subpleural fibrosis
Volume loss and
architectural distortion
Presence of subpleural
cysts (“Honeycombing”)
Traction bronchiectasis/
bronchiolectasis

Bilateral, symmetric,
basilar, peripheral
ground-glass opacities
Traction bronchiectasis
Intra and interlobular
septal thickening and
consolidation.

Tipical of NSIP pattern is
subpleural sparing

Airspace consolidation,
often bilateral, usually
patchy but can be lobar
Sometimes, airspace
consolidation can be
nodular.

Surrounding ground
glass opacities

Area of involvement can
change over time

Perivascular thin-walled
cysts

Can have surrounding
ground glass or

Ref (48, 49)

Ref (48, 49)

Ref (50, 51)

Ref (48, 49)

centrilobular nodules
Septal/bronchovascular
thickenin

BRONCHIECTASIS

Bronchiectasis, defined as irreversibly damaged (66) and dilated
bronchi, is one of the most common respiratory manifestations
of RA (25, 67). In these patients, the broncho-arterial ratio is
typically >1 (Figure 5). BR should be suspected in the presence
of chronic cough, sputum production, or recurrent respiratory
infections. The diagnosis should be confirmed by HRCT (66, 68).
The recognized risk factors for RA-associated BR are: RF and/or
ACPA serum positivity, the presence of HLA-DRB1*0401 or
DQB1*0601, DQB1*0301, DQB1*0201, DQA1*0501 haplotypes,
and cystic fibrosis transmembrane conductance regulator
mutations (68). Management includes a multimodal treatment
approach, encompassing pulmonary rehabilitation programs,
prophylactic antibiotics, inhaled corticosteroids, and long-acting
PB2-agonists, while the appropriateness of immunosuppressive
therapeutics should be carefully evaluated taking into account the
high susceptibility to respiratory infections (68).

THERAPEUTICS

So far, due to limited data, there are no recognized international
guidelines for the treatment of RA-ILD (69). In the absence
of precise recommendations, moderate-to-severe lung disease
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FIGURE 3 | High-resolution computer tomography (HRCT) findings in respiratory diseases and particularly interstitial disease (RA-ILD). (A) An usual interstitial
pneumonia (UIP) pattern (representing the most typical radiological presentation in patients with RA) is primarily characterized by reticular fibrosis, traction BR, and
subpleural cysts (honeycombing). (B) A nonspecific interstitial pneumonia (NSIP) pattern is primarily characterized by ground-glass opacities, variably mixed with
septal thickening, and reticular fibrosis (fiorosing NSIP). (C) A lymphocytic interstitial pneumonia (LIP) pattern is primarily characterized by perivascular thin-walled
cysts (black arrows). (D) An organizing pneumonia (OP) pattern is primarily characterized by puimonary consolidations (a white arrow).

v

FIGURE 4 | Multiple pulmonary nodules on HRCT in a patient with RA.
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FIGURE 5 | Bronchiectasis (BR) on HRCT in a patient with RA.

in patients with RA should be managed in collaboration with
a pulmonologist.

STEROIDS

Data on the efficacy of glucocorticoids in the UIP are somewhat
controversial: steroids appear to stabilize the lung function in
some studies, while others emphasize their increased infectious
risk (52, 70, 71). The first proposed guidelines for RA-ILD
were those of the British Thoracic Society, dating back to 2008
(72). In these guidelines, the first-line treatment of RA-ILD
involves the use of prednisone 0.5 mg/kg/ day for 1-3 months,
subsequently tapered up to 10 mg/day or less, possibly combined
with a disease-modifying antirheumatic drug (DMARD). In
case of steroid failure, the addition of an immunosuppressant,
such as cyclosporine, azathioprine, and cyclophosphamide, is
recommended (72). Of note, high doses of steroids should
be used for inflammatory subtypes of RA-ILD with acute or
subacute presentation (i.e., cellular NSIP and OP), but not in

fibrotic subtypes typical of advanced and chronic forms (i.e.,
fibrosing NSIP and UIP) (72, 73).

MTX AND COMMON DMARDs

Methotrexate has been associated with hypersensitivity
pneumonitis and MTX-induced pneumonia (MIP) (74). MIP
mostly appears during the first month of therapy, without any
predictive factor being recognized (74). Unlike RA-ILD, the onset
of MIP is acute or subacute rather than chronic, and common
HRCT patterns are NSIP and OP instead of UIP. Moreover,
whereas RA-ILD is characterized by tissue neutrophilia, MIP
is typically characterized by peripheral and bronchoalveolar
eosinophilia. In contrast with a quite poor prognosis of RA-ILD,
the prognosis of MIP is overall good, with a complete recovery
being observed after a congruous MTX washout period (74).
The potential relationship between the use of MTX and the
development of RA-ILD has been recently questioned. Juge
et al. recently found an inverse association between the use
of MTX and the appearance of ILD; in particular, MTX was
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not associated with an increased risk of RA-ILD, and ILD was
detected later in patients with RA treated with MTX (75). In the
work of Kiely et al., the time to onset of ILD was later in patients
with RA exposed to MTX and the survival curve was higher in
a subgroup of patients treated with MTX compared to patients
naive to MTX (76). Indeed, a dose-dependent beneficial effect of
MTX on the risk of developing RA-ILD has been demonstrated
(77) (Table 3). The Warrick global score (WGS) was significantly
lower in patients treated with a MTX dosage > 15 mg/week as
compared with patients treated with MTX < 15 mg/week or
patients naive to MTX (77). As exposed earlier, in fact, RA-ILD
and MIP are distinct entities, with MTX being causative of MIP
but protective against the development of RA and RA-ILD;
therefore, the detection of RA-ILD would not necessarily imply
the discontinuation of MTX.

The role of other disease-modifying DMARDs, such
as mycophenolate mofetil (MMF), cyclophosphamide,
azathioprine, cyclosporine, and tacrolimus, in the treatment
of RA-ILD remains unclear. In a retrospective analysis of
125 patients with CTD-ILD treated with MMF (n = 18 RA-
ILD), the lung function was improved for those with an NSIP
pattern and remained stable for those with an UIP pattern (78)
(Table 3). Both MMF and cyclophosphamide have shown an
efficacy in systemic sclerosis-associated ILD in double-blind
randomized controlled trials (RCTs) (79, 80), whereas there
are no RCTs for cyclophosphamide in RA-ILD. Despite limited
data, cyclophosphamide is largely used in clinical practice,
especially in cases of rapidly progressive RA-ILD. MMF is
considered as the main alternative to cyclophosphamide as
both induction and maintenance therapy, by virtue of its
lower toxicity. Azathioprine may be used as an alternative
to MTX when drug toxicity is suspected. A single-center
retrospective cohort study on patients with CTD-ILD (n = 97,
24% RA-ILD) found that patients treated with azathioprine had
similar clinical events and longitudinal pulmonary function
tests (PFTs) compared to those treated with MMF (81).
There are only small series and few case reports showing an
improved lung function in patients with RA-ILD treated with
cyclosporine or tacrolimus (82, 83). Of note, sulfasalazine has
been associated with hypersensitivity pneumonitis, with nearly
half of the patients presented with pulmonary infiltrates and
eosinophilia; clinical improvements usually occur following
drug discontinuation, yet progressing respiratory failure and
the cases of death have also been described (84, 85). Respiratory
manifestations associated with sulfasalazine include NSIP, OP,
granulomatous disease, bronchiolitis obliterans, and pleural
effusion (86, 87). Leflunomide has also been variably associated
with rapid-onset hypersensitivity pneumonitis and a new
onset or the progression of pre-existing ILD (87, 88). No data
have been so far available regarding the potential pulmonary
toxicity of hydroxychloroquine (84) (Table3). Therefore,
although some of these drugs can be effective in controlling
RA-ILD, potential pulmonary toxicity and low efficacy of
certain molecules on articular disease should be also considered
(89, 90).

TNFi AND OTHERS bDMARDs

Several cases of newly detected or exacerbated ILDs upon the
treatment with TNFi have been reported (91, 92); however,
so far, data are overall inconclusive. In a retrospective cohort
study of the British Society for Rheumatology Biologics Register,
the use of TNFi in RA-ILD was not associated with higher
mortality as compared with conventional synthetic DMARDs
(csDMARDs) (93). Analyses of large US administrative claim
databases did not find statistically significant differences in
the risk of respiratory events in patients with RA-ILD using
TNFi as compared with abatacept, rituximab, or tocilizumab
(94, 95). However, there were numerically fewer respiratory
events among patients treated with abatacept compared to TNFi
(96). Moreover, a trend toward better survival was observed
for rituximab as compared to TNFi (97). A comprehensive
search on the PubMed, Embase, Ovid, Cochrane, China National
Knowledge Infrastructure, and Wanfang database was performed
from their inception to November 2018 (98). In total, 7 original
articles and 28 case reports were eligible for an analysis.
All 7 cohort studies demonstrated the lack of benefit from
TNFi treatment in patients with ILD; indeed, TNFi could
be associated with pulmonary adverse events (Table 3). Case
reports further suggested such negative findings, showing that
TNFi was harmful in 87.5% of the cases and even increased
mortality (99). By contrast, small and uncontrolled studies have
broadly shown that the majority of RA-ILD patients treated
with abatacept, rituximab, or tocilizumab remained stable or
improved, as assessed by PFTs and HRCT (99, 100) (Table 3).
In an observational multicenter study, 263 patients with RA-ILD
were treated with abatacept alone or combined with MTX or
another csDMARD (101). It emerged that abatacept is effective
and safe in the treatment of RA-ILD, and is associated with high
retention rates (around 75%). All 3 treatment groups experienced
the stabilization or improvement of respiratory items, namely
dyspnea severity, forced vital capacity (FVC), diffusing capacity
for carbon monoxide (DLCO), and HRCT findings, as well
as the improvement of articular disease activity score assessed
on 28 joints (DAS28) (101). A significantly stronger steroid-
sparing effect was observed for abatacept in combination with
MTX or another csDMARDs compared to abatacept alone. In
an Italian multicenter retrospective study, 44 patients with RA-
ILD were treated with abatacept for at least 6 months; abatacept
appeared to be safe, and FVC, DLCO, and HRCT remained
stable in 77.8%, 58.3%, and 70.4% of patients, respectively
(102). A recent systematic review including one case series and
eight observational studies confirmed the efficacy and safety of
abatacept in RA-ILD (103). After a mean follow-up of 17.4 and
47.8 months, the improvement or stabilization of FVC or DLCO
was observed in over 85% of the cases, while the improvement or
stabilization of ILD imaging was observed in 76.6% and 92.7%
of the cases, respectively, regardless of the radiological pattern
and more remarkably in patients with a shorter lung disease
duration. Abatacept led to a significantly lower probability of ILD
worsening compared to TNFi and csDMARDs, being associated
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TABLE 3 | Conventional synthetic, biological and targeted synthetic disease-modifying antirheumatic drugs for RA-ILD.

Drug Contraindicated Possible use but lower Beneficial or stabilizing effect Dubious effects Unknown data
beneficial effect on lung

Steroids X

Hydroxycloroquine X

Leflunomide X

Methotrexate X

Mycophenolate mofetil

x

Cyclosporine

x

Tacrolimus

Cyclophosphamide

xX X X

Azathioprine

Sulfasalazine X
TNFi

Tocilizumab X
Abatacept

Rituximab

Anakinra

Anti-JAKs

with a 90% reduction in the relative risk of lung function
deterioration at 24 months (103). A Portuguese, retrospective,
multicenter cohort study assessed the response to rituximab in
patients with CTD-ILD, of whom 24 had RA-ILD. At 12 months,
DLCO and FVC values ameliorated, and particularly promising
results with rituximab were obtained in the presence of an NSIP
pattern (104). A total of 28 patients with RA-ILD treated with
at least one dose of tocilizumab were retrospectively collected in
an Italian multicenter study, demonstrating a good safety profile
of tocilizumab in these patients and its potential role in lung
disease stabilization (105). After a mean follow-up of 30 months,
indeed, both FVC and DLCO remained stable in 56%, while
HRCT findings were stable in 89% of patients (105).

JAK INHIBITORS

Data regarding the possible roles of Jak Inhibitors in the
treatment of RA-ILD are limited. In RA clinical development
programs of tofacitinib and baricitinib, 0.1% of patients newly
developed ILD (106); however, tofacitinib was not associated with
ILD exacerbation (106). In a multicenter observational study, 47
patients with RA-ILD and 387 patients with only RA (without
ILD) were treated with tofacitinib. Retention rates were similar
for patients with RA-ILD or only RA, and, in most of the patients,
PFTs remained stable during a follow-up (107) (Table 3).

PIRFENIDONE AND NINTEDANIB

Currently, two anti-fibrotic agents were approved by US
Food and Drug Administration (FDA) for the management
of IPE, namely nintedanib and pirfenidone. Nintedanib is a
small-molecule inhibitor of the tyrosine kinase receptors of
platelet-derived growth factor (PDGFR) a and 83, fibroblast

growth factor (FGFR) 1-3, and VEGFR 1-3; it also inhibits
lymphocyte-specific protein tyrosine kinase, Lyn protein
tyrosine kinase, proto-oncogenic protein tyrosine kinase Src,
and colony stimulating factor receptor-1 (108). To date, only
nintedanib has been studied in a double-blinded RCT in patients
with progressive fibrosing ILD, including the cases of RA-ILD.
Nintedanib was found to reduce the FVC decline originally in IPF
and subsequently in systemic sclerosis-associated ILD (109, 110).
Following these results, the INBUILD trial (NCT02999178),
an international, double-blind RCT comparing nintedanib to
placebo was conducted in patients with progressive fibrosing
lung disease (with a baseline extension >10% on HRCT) of
different types (of whom 13% were RA-ILD) (111). In this study,
progression was defined as: a relative decline in the FVC of at
least 10% of the predicted value; a relative decline in the FVC of
5-<10% of the predicted value plus the worsening of respiratory
symptoms or an increased extent of fibrosis on HRCT; or the
worsening of respiratory symptoms plus an increased extent of
fibrosis on HRCT despite the treatment rather than nintedanib
or pirfenidone (111). Patients treated with nintedanib had a
significantly slower FVC decline over 52 weeks although no
significant difference in subjective symptoms or clinical events
was observed. In particular, the results were similar to those
observed in IPE, with a between-group FVC difference of 107.0
ml/ year in favor of nintedanib (95% CI, 65.4-148.5; p < 0.001)
(111). The results were significant irrespective of a HRCT
pattern. Among the 663 patients included in the INBUILD
trial, 170 patients had CTD-ILD, of whom 89 had RA-ILD. A
subgroup analysis confirmed significant results for patients with
CTD-ILD, with a between-group FVC difference of 104.0 ml/
in favor of nintedanib (95% CI, 21.1-186.9; p < 0.41 for the
treatment by subgroup by time interaction) (112). Diarrhea was
the major side effect of nintedanib, occurring in two-third of
the treated patients, which led to a dose reduction in one-third
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Multidisciplinar discussion (MDD):

Baseline Assessment:

Rule out infection and other causes (pulmonary embolism,
acutely decompensated heart failure)

Pulmonologist
Rheumatologist
Pathologist

Radiologist \

Patient with synovitis

cocooc

presence of cough, sputum,
basal crepitation, dyspnoea

High Risk Factors for RA-ILD progression:
O HRCT pattern UIP RA-ILD?
O HRCT extent >20% l.
O Baseline FVC<60% predicted b
O Baseline DLCO <40% predicted w
O 6-12 month change in FVC>=10%
O 6-12 month change in DLCO>=15% 1

Don’t stop ¢sDMARDs

for RA treatment

more chronic course

1

Patient with interstitial pneumonia

presence of arthralgia, arthritis, subcutaneous nodules,
positivity for RT / antiCCP

1

RA-ILD? IPAF?

Clinical or Progressive ILD

!

Stop csDMARDs (MTX, LFN);
cautious use of TNFi;

$

MIP (Acute/subacute onsent)

If Inflammation (pattern NSIP, OP)

1 !

Stop MTX short term high dose Ges
l and/or

Progressive ILD during FU:
1.
2.
3.

Worsening respiratory symptoms
Increase in disease extent on HRCT imaging
Dexline of pulmonary function (decline of >=5%/year in
FVC OR of >=7.5%/year in DLCO)
Satisfy in 2 of 3 evaluation items

If Fibrosis {pattern UIP

!

antifibrotic agent Nintedanib

add or swith to bDMARDs with positive effects (RTX, ABA);
add or switch to tDMARDs (JAKi) or Immunosuppressants (CYC, MMF, AZA) or

bOMARDS (TOCI) with small positive effects;
7

stop TNFi (dubious effects).
continue current therapies

short term Ges

N

change immunomodulatory agents
or
use nintedanib

Routine monitoring:

6 monthly if low risk
PFTs with DLCO; 6-minutes walking test

3 monthly if high risk

FIGURE 6 | The proposed algorithm for pulmonary symptoms in RA. ABA, abatacept; bDMARD, biological disease-modifying antirheumatic drug; csDMARD,
conventional synthetic disease-modifying antirheumatic drug; ILD, interstitial lung disease; MTX, methotrexate; MTX-pneu, MTX-pneumonitis; RA, rheumatoid arthritis;
RTX, rituximab; TCZ, tocilizumab. MIP Methotrexate-induced pneumonia; GCs glucocorticoids.

of patients and drug discontinuation in one-fifth of cases
(112). The results from the INBUILD trial led FDA to approve
nintedanib for the treatment of chronic fibrosing ILDs with
a progressive phenotype, including RA-ILD forms' (Table 3).
Notably, nintedanib is the first drug approved for this indication.
Ongoing trials on RA-ILD include: APRIL (NCT03084419;
abatacept vs. placebo); TRAIL1 (NCT022808871; pirfenidone
vs. placebo); PULMORA (NCT04311567; tofacitinib vs.
MTX); EVERR-ILD (NCT02990286; rituximab with MMF vs.
placebo); and RITUX-IP (NCT02251964; rituximab) (113).
The management of comorbidities is critical for RA-ILD
outcomes. Chronic obstructive pulmonary disease (COPD)
frequently accompanies RA-ILD even among non-smoker
patients, and a close adherence to the global initiative for
COPD management is therefore required in these cases (114).
Concomitance with gastroesophageal reflux disease (GERD) is

! Available online at: https://www.fda.gov/news-events/press-announcements/
fda-approves-first-treatment- group- progressive-interstitial-lung- diseases.

also common, occurring in about half of patients with RA-ILD
(115). Causal relationships between GERD and ILD are still a
matter of debate. Equally controversial is whether proton pump
inhibitors may in turn increase the risk of pneumonia (116).
Pharmacological (e.g., proton pump inhibitors, H2 blockers) and
non-pharmacological interventions (e.g., weight loss, dietary
modification, and raising the head of the bed) are frequently
prescribed in ILDs and conditionally recommended in IPF
management guidelines (117). Balancing ill-defined risks and
the benefits of antacid use in RA-ILD would certainly deserve
turther investigation.

SUGGESTED ALGORITHM FOR THE
ASSESSMENT, MONITORING, AND
MANAGEMENT OF RA-ILD

The monitoring of treatment response in RA-ILD involves
the assessment of the activity and severity of both articular
and respiratory disease. Baseline evaluation of pulmonary
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involvement should include clinical examination, PFTs, the
identification of radiological patterns, and the assessment of
disease extension by HRCT (118, 119). Clinical examination
should also include arterial oxygen saturation and a 6-min
walking test (120). Reduced walking distance and oxygen
desaturation below 88% are, in fact, known poor prognostic
factors in IIPs (117, 120). PFTs should be performed in all
patients with RA with respiratory symptoms. Baseline FVC
<60% of the predicted values and DLCO <40% of the
predicted values are independent predictors of early death in
patients with IIPs (121). Importantly, a 6-12 month decline
in FVC of at least 10% and/or a decline in DLCO of at
least 15% is associated with increased mortality in patients
with IIP (96, 122). HRCT imaging is indicated in patients
with respiratory symptoms or in clinically asymptomatic
patients with a DLCO < 70% of the predicted values (59).
Individuals with HRCT findings consistent with an UIP
pattern (i.e., basal dominant honeycomb cysts with little
or no ground-glass changes) and high fibrotic scores have
a worse prognosis compared to those with HRCT features
indicative of other types of IIP (49, 123). When evaluating
pulmonary involvement radiologically, it is important to
apply the protocol for ILDs, which involves the use of
a HRCT scan (with thin sections, < 1.5mm rather than
10mm). Scans in prone decubitus are required to differentiate
the areas of gravitational hyperdensity from pathological
changes in the density of the lung parenchyma. In addition,
expiratory scans are required to rule out the presence of air
entrapment (124).

In a recent study, Yamakawa et al. take the stock of the
current evidence regarding firstly the assessment and secondarily
the treatment of ILD-RA. So, the author propose a focus on
the risk assessment before the initiation of a biologic therapy,
and disease monitoring during treatment (125) (Figure 6). The
gold standard for diagnosing RA-ILD involves a comprehensive
and multidisciplinary discussion of clinical history, clinical
examination, blood testing, PFTs, HRCT, and lung biopsy
when available. Although a multidisciplinary discussion of
newly detected ILDs most often includes pulmonologists,
radiologists, and pathologists, the inclusion of rheumatologists
would critically improve the identification of CTD-ILDs (126).
As the first RA manifestation may be inflammatory arthritis
as well as ILD in patients who subsequently develop RA-
ILD (57, 127), both rheumatologists and pulmonologists
have an important role in disease detection and evaluation
(Figure 6). The high prevalence of subclinical ILD on HRCT
scans of patients with RA demonstrates that a screening
approach relying on clinical signs and symptoms may not
be sufficiently sensitive in detecting RA-ILD (128, 129). To
date, no biomarkers have been validated in clinical practice to
help clinicians diagnose subclinical RA-ILD. However, in the
presence of short breath, dry cough, crackles, clubbing, and
extra-articular RA manifestations (i.e., subcutaneous nodules),
it is useful to perform PFTs and HRCT to examine a possible
RA-ILD. When ILD is the initial manifestation, clinicians
should test the hypothesis of RA as a potential underlying
cause, differentiating it from other CTD-ILDs and IIPs. In

this regard, the investigation of an autoimmune history or
familiarity, clinical examination of the joints, dosage of RA-
specific antibodies (RF and ACPAs), and the search of an UIP
pattern at HRCT are strongly advised. Although ACPAs are
highly specific for RA (130), they may also be positive in the
setting of chronic lung diseases even in the absence of RA,
as occurring in IPAF (54). On the other hand, individuals
with ACPAs but without inflammatory arthritis are at a high
risk of developing RA later (131). When the diagnosis of RA-
ILD is made, it is important not to overlook conservative and
supportive care in these patients. Conservative intervention
involves the prevention of lung infections through antibiotic
prophylaxis and vaccinations; the management of comorbidities
such as COPD or GERD; the cessation of cigarette smoking;
the use of supplemental oxygen in case of desaturation; and
pulmonary rehabilitation. Last but not the least, the inclusion
of severe and refractory patients on the transplant lists should
be considered (132). In the presence of subclinical ILD, a
continuation of the DMARD used for controlling arthritis
according to the current recommendations for RA management
is advised. In the presence of a clinically overt and/or
progressive ILD, the discontinuation of DMARDs other than
MTX with potential pulmonary toxicity (e.g., leflunomide and
sulfasalazine) should be considered, while alternative DMARDs
(e.g., cyclophosphamide, MMF, or azathioprine), in combination
with glucocorticoids, may be preferred. Juge et al. recently
suggest that the use of MTX is not associated with an increased
risk of RA-ILD in patients with RA, and that ILD was
detected later in MTX-treated patients. So, the therapy with
MTX can be conditionally recommended for patients with
RA-ILD (75). Otherwise, TNFi should be used with caution
or reconsidered in these cases although the evidence for the
harm of TNFi is weak (133). In the presence of clinical,
functional, and/or radiological worsening despite treatment,
further therapeutic changes are suggested, particularly, the
introduction of biologics that have shown to improve or stabilize
pulmonary disease (e.g., abatacept, rituximab, or tocilizumab)
or the introduction of anti-fibrotic agents (e.g., nintedanib)
in the presence of high fibrotic scores on the HRCT scan
(132). Treatment will be tailored also taking into account
the predominance of joint or respiratory symptoms (133).
Therapeutic flowcharts for RA-ILD certainly differ from those
used for IPE, for which glucocorticoids are not indicated and
the first-choice drugs are anti-fibrotic (including pirfenidone)
(74) (Figure 6).

In conclusion, a comprehensive and multidisciplinary
approach is required for differential diagnosis of ILDs,
early identification of RA-ILD, and timely intervention on
progressive and fibrosing forms. It is especially crucial to
contextualize any respiratory symptoms in a given patient
with RA. In the setting of a recently introduced MTX
treatment, MTX pulmonary toxicity is certainly a concern,
particularly if the onset of respiratory symptoms is acute
or subacute; in such cases, MTX needs to be stopped
and high-dose glucocorticoids, along with supportive
care, should be timely started. If the onset of respiratory
symptoms is instead more insidious, RA-ILD is more likely
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to occur, and immunotherapies with c¢sDMARDS and/or
bDMARDs should be readjusted based on the severity of
lung and joint disease and possible comorbidities. Ongoing

investigations

and future RCTs will better clarify the

strategies to be put in place for the optimal management
of RA-ILD.
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