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Rheumatoid arthritis (RA) is an autoimmune disease charac-
terized by inflammatory arthritis that has a worldwide preva-
lence of<1%.1 RA is linked to excess mortality, and respiratory
conditions are important contributors, likely exceeding cardio-
vascular disease as an underlying cause of death in RA.2–4 RA
can lead to various pulmonary complications. The most com-
mon of these include interstitial lung disease (ILD) and airways
disease, which can manifest as bronchiectasis and bronchioli-
tis.5–9 Additional manifestations include rheumatoid nodules,
pleural disease, and vasculitis, outlined in ►Table 1.10–12

Among the variety of pulmonarymanifestations in RA, RA-
associated ILD (RA-ILD) is the most common pulmonary
manifestationand ismost associatedwith increasedmorbidity
and mortality.3,13,14 In recent years, there have been several
advancements in our understanding of RA-ILD treatment.
Importantly, the first randomized controlled trial specific to
RA-ILD was published.15 Additionally, we now have large,
multi-center studies examining treatment outcomes specific
to patients with RA-ILD that help inform our treatment deci-
sion-making.16,17 In this article, we present a timely review of
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Abstract Interstitial lung disease (ILD) is a common pulmonary complication of rheumatoid
arthritis (RA), causing significant morbidity and mortality. Optimal treatment for RA-
ILD is not yet well defined. Reliable prognostic indicators are largely byproducts of prior
ILD progression, including low or decreasing forced vital capacity and extensive or
worsening fibrosis on imaging. In the absence of validated tools to predict treatment
response, decisions about whether to initiate or augment treatment are instead based
on clinical judgment. In general, treatment should be initiated in patients who are
symptomatic, progressing, or at high risk of poor outcomes. Retrospective data
suggest that mycophenolate mofetil, azathioprine, and rituximab are likely effective
therapies for RA-ILD. Abatacept is also emerging as a potential first-line treatment
option for patients with RA-ILD. Further, recent data demonstrate that immunosup-
pression may be beneficial even in patients with a usual interstitial pneumonia (UIP)
pattern on imaging, suggesting that immunosuppression should be considered
irrespective of imaging pattern. Recent randomized controlled trials have shown
that antifibrotic medications, such as nintedanib and likely pirfenidone, slow forced
vital capacity decline in RA-ILD. Consideration can be given to antifibrotic initiation in
patients progressing despite immunosuppression, particularly in patients with a UIP
pattern. Future research directions include developing tools to predict which patients
will remain stable from patients who will progress, discriminating patients who will
respond to treatment from nonresponders, and developing algorithms for starting
immunosuppression, antifibrotics, or both as first-line therapies.
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evidence informing RA-ILD therapies, offer our management
approach, and pose critical research questions for the coming
years.

Diagnosis and Prognosis of RA-ILD

Epidemiology and Risk Factors
ILD isan increasingly recognizedcomplicationofRA.Estimates
of overall incidence within RA cohorts are variable, due to
inconsistent diagnostic techniques and high rates of subclini-
cal ILD. It is estimated that approximately 30% of patientswith
RA have subclinical ILD noted on high-resolution computed
tomography (HRCT),18,19 but clinically significant disease is
present in approximately 10% of patients with RA.3 The
presence of ILD is associated with significant health care use
and costs, as well as high morbidity and mortality in patients
with RA.14,20–22 Risk factors of RA-ILD development include

older age, male sex, smoking, and the presence of rheumatoid
factor and anticyclic citrullinated peptide antibodies.23–28

More recently, genetic risk factors have also been identified
in RA-ILD, including theMUC5B promoter variant and various
rare variants in telomerase.29,30

Diagnosis and Screening
For a patient diagnosed with RA and experiencing pulmonary
symptoms (e.g.drycoughandexertionaldyspnea),HRCTof the
chest is the cornerstone of ILD diagnosis. While pulmonary
function testing may show restriction and chest radiography
may show evidence of fibrosis, these modalities are not
adequately sensitive for ILD diagnosis.31,32 Further, though
some recent work has demonstrated the promise of blood
biomarkers in detecting ILD inpatientswithRA, thesehave yet
to be validated for clinical use.24,33,34 To achieve an accurate
diagnosis of ILD, the detailed images afforded by HRCT are

Table 1 Common pulmonary and thoracic manifestations of RA

Pulmonary
manifestation

Clinical signs
and symptoms

Physiologic, radiologic,
and/or pathologic manifestations

Treatment

Parenchymal
involvement

Interstitial lung disease Dyspnea, cough,
fatigue

PFT: restriction and impaired diffusion
HRCT: reticulation, ground glass
opacities, traction bronchiectasis,
and/or honeycombing, subcategorized
into UIP, NSIP, OP, or HP patterns

Immunosuppression and
consideration of antifibrotics

Rheumatoid nodules Dyspnea, cough,
chest pain

HRCT: multiple subpleural/peripheral
nodules on imaging
FDG-PET with low-level metabolism
Histopathology: necrotizing granulomas
with central fibrinoid necrosis surrounded
by palisading macrophages

Uncomplicated nodules require no
specific therapy10

Airways
involvement

Follicular bronchiolitis Dyspnea PFT: nonspecific—can be normal,
restrictive, obstructive, or mixed
HRCT: bronchiolar nodularity and
bronchial wall thickening

Variable response to inhaled glu-
cocorticoids and bronchodilators,
oral corticosteroids, or other
immunosuppressants; can consider
macrolides5

Constrictive bronchiolitis
(obliterative bronchiolitis)

Dyspnea PFT: airway obstruction
HRCT: mosaic attenuation/air trapping
and pulmonary nodules

Generally not responsive to pred-
nisone and immunosuppressants6,7

Bronchiectasis Chronic cough and
sputum production

PFT: obstruction, decreased FVC,
and impaired diffusion
HRCT: bronchial dilation, bronchial wall
thickening, mucus impaction, mosaic
attenuation/air trapping

Airway clearance, prophylactic
antibiotics for frequent or severe
infections. Risk/benefit consider-
ation of immunosuppression8

Cricoarytenoid
arthropathy

Hoarseness,
odynophonia and
odynophagia,
voice deficiency,
stridor, and dyspnea

PFT: extra-thoracic obstruction
HRCT: changes in joint space, density,
ankylosis, erosion, subluxation, and soft
tissue swelling
Laryngoscopy: edema of the arytenoids
and interarytenoid mucosa

Glucocorticoids locally into the
cricoarytenoid joint or systemically;
securement of the airway in the
setting of airway obstruction;
surgery as radical therapy9

Vascular
disease

Rheumatoid
vasculitis

Cutaneous vasculitis
and vasculitic
neuropathy, less
commonly eye and
pericardial involvement

Histopathology: mononuclear or
neutrophilic infiltration of the small- and
medium-sized vessel walls in association
with features of vessel wall destruction
(necrosis, leukocytoclasis, and
disruption of the elastic laminae)

Immunosuppression, historically
with high-dose glucocorticoids and
cyclophosphamide11

Pleural
disease

Pleural effusions
and pleuritis

Dyspnea, pleuritic
chest pain

Imaging: generally unilateral pleural
effusion
Cytology: exudative pleural effusion, low
glucose, low pH, high RF titer with
cytology showing elongated
macrophages and multinucleated giant
cells alongside granulomatous debris

Small and asymptomatic effusions
generally resolve spontaneously;
thoracentesis for symptomatic
effusions; rarely corticosteroids and
chest drainage for sterile
empyematous exudate12

Abbreviations; FDG-PET/CT, fluorodeoxyglucose-positron emission tomography; FVC, forced vital capacity; HP, hypersensitivity pneumonitis; HRCT,
high-resolution computed tomography; NSIP, nonspecific interstitial pneumonia; OP, organizing pneumonia; PFT, pulmonary function testing; RA,
rheumatoid arthritis; UIP, usual interstitial pneumonia.
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essential in detecting and subcategorizing the pattern of
pulmonary fibrosis. In some cases, ILD may precede the
diagnosis of RA. Therefore, it is crucial for pulmonologists
diagnosing ILD to thoroughly assess for articular signs and
symptoms and incorporate serologic screening for RA. Timely
and accurate diagnosis enables early collaboration between
pulmonologists and rheumatologists. Additionally, the diag-
nosis of RA-ILD typically obviates the need for a surgical
lung biopsy, as the histopathological pattern rarely impacts
management when the clinical diagnosis of RA is already
established.

In a patient with RA without pulmonary symptoms,
screening for early signs of ILD is a nuanced decision.
Screening should be considered after shared decision-mak-
ing with the patient, considering the ILD risk factors as
outlined above. As with diagnosis, HRCT is the modality of
choice for ILD screening. Once an HRCT is obtained, RA-ILD
can be subcategorized into various imaging patterns. Usual
interstitial pneumonia (UIP), nonspecific interstitial pneu-
monia (NSIP), organizing pneumonia (OP), and patterns
consistent with hypersensitivity pneumonitis (HP) can be
seen in patients with RA.35 UIP, characterized by honey-
combing, traction bronchiectasis and reticulation, is most
associated with the prototypic ILD idiopathic pulmonary
fibrosis (IPF), but is found in about half of patients with
RA-ILD.36 Meanwhile, NSIP, characterized by bibasilar
ground glass opacities, reticulation, and traction bronchiec-
tasis, comprises smaller proportions of RA-ILD cases.

Natural History and Prognosis
RA-ILD has a significant impact on survival. The risk of death
for RA patients with ILD is higher than in patients without
ILD, with RA-ILD patients experiencing increased death from
pulmonary complications as well as all-cause mortality
compared to RA patients without ILD.14,20 Median survival
in RA-ILD varies but has been reported to range from 2 years
to 10 years depending on the population studied.14,28,37,38

While death from RA is decreasing over time, reported
trends of mortality rates from RA-ILD are mixed, with
some studies reporting an increase in RA-ILD mortality
among older patients.3,39

Lung function emerges as a consistent predictor of mor-
tality in this population, with low forced vital capacity (FVC)
and diffusing capacity (DLCO) portending worse survival in
several cohorts.36–38,40,41 Moreover, percent predicted FVC
and DLCO constitute major components of the gender, age,
physiology (GAP) model, a validated risk prediction model
for mortality in ILD.42,43 Morisset and colleagues found that
the GAP model has good mortality prediction in patients
with RA-ILD across four international academic centers, with
a concordance index of 0.746.44 Similar test performance
characteristics were reported in theMayo Clinic cohort, with
a concordance index of 0.71.36 Taken together, low FVC and
DLCO signal worse survival.

The presence and extent of fibrosis also play a significant
role in prognosis. The presence of fibrosis on histopathology
portended a twofold risk of mortality in a group of 48
patients with RA-ILD confirmed by surgical lung biopsy.45

Similarly, fibrosis by visual assessment on HRCT is associated
with worse survival, with extent of traction bronchiectasis
and honeycombing as known predictors of mortality in RA-
ILD.41 Using a visual simple staging system of HRCT, ILD
extent�20%was associatedwith a 3.78-fold increased risk of
death in RA-ILD cohorts evaluated at the Royal Brompton
Hospital and Edinburgh Royal.40 Similarly, in a Korean cohort
of 153 patients with RA-ILD, a visual scoring of fibrosis
extent totaling �20% of total lung was associated with a
4.5-fold risk of death in multivariable analysis.46 Further,
radiomics, a technique that quantifies computed tomogra-
phy imaging features, can be used to assess the extent of
fibrosis in ILD, facilitating automated analysis to improve
objectivity and reproducibility. Oh and colleagues applied a
quantitative lung fibrosis score to HRCT images of 144
patientswith RA-ILD and found thatfibrotic extent predicted
worse 5-year mortality. At a cutoff of 12% of total lung
volume, higher quantitative lung fibrosis scores predicted
survival similar to patients with IPF.47

With regard to HRCT pattern, it has been hypothesized that
patients with RA and a UIP pattern may experience worse
survival than those with an NSIP or indeterminate pattern. In
2010, Kim and colleagues reported that a UIP patternwas seen
in 24% of patients with RA-ILD, and these patients showed
worsesurvival,witha similardiseasetrajectory topatientswith
IPF.41 Since then, multiple studies have found an association
between a UIP pattern on HRCT and higher mortality.17,36,41,46

In a retrospective cohort of 137 patients with RA-ILD whose
baseline HRCT either showed an NSIP or UIP pattern, patients
with a UIP pattern had shorter survival time than patients with
NSIP.37However, inseveralmultivariablemodelscontrolling for
key confounders including baseline lung function, UIP was no
longer independently associated with an increased risk of
death.37 Instead, baseline FVC and evidence of FVC decline
were independent predictors ofworse survival in thesemodels.
It remains unclear what additional prognostic information UIP
pattern on HRCT provides in the clinical setting.

Further, evidence of worsening ILD reliably portendsworse
survival. A decline in FVC of 10% is a consistent predictor of
death, associated with worse mortality in a retrospective RA-
ILD cohort, as well as a large non-IPF ILD cohort consisting of
125 patients with RA-ILD.37,48 In this non-IPF ILD cohort,
radiologic progression of fibrosis, alone and in combination
with symptomatic decline or physiologic decline, was also a
strong predictor of subsequent FVC decline.49

Other clinical markers have been evaluated as prognostic
markers in RA-ILD. In multivariable analyses, older age has
been shown to be a consistent risk factor for death.37,40 Male
sex, lower socioeconomic status, higher disease activity score,
and higher erythrocyte sedimentation rate value have been
associatedwithworse survival, though these associations have
been inconsistent across studies.40,50 Taken together, the best
prognosticmarkers formortalityarebyproducts ofprogression
and severity of fibrosis—evidence of worsening lung disease,
low FVC and DLCO, and high fibrotic extent. It seems clear that
patients who have experienced progression, either by physiol-
ogy or imaging, are at higher risk of experiencing more
progression and worse mortality.
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Treatment of RA-ILD

Currently, wehave limited tools to predict treatment response
in patients with RA-ILD. While we are unable to predict who
will best respond to therapy, we can rely on the prognostic
markers described above to offer treatment initiation or
augmentation to the patients most likely to experience poor
outcomes.

Immunosuppression is generally used as the mainstay of
treatment for ILD complicating RA. The use of immunosup-
pression is primarily extrapolated from randomized con-
trolled trials of patients with systemic sclerosis-associated
ILD, which have shown that cyclophosphamide and myco-
phenolate mofetil (MMP) can improve lung function.51,52

The data specific to RA-ILD treatment are primarily obser-
vational and retrospective in nature, though there has been
one recent randomized controlled trial specific to RA-ILD
suggesting antifibroticsmay be of benefit.15 Still, the optimal
treatment strategy has not been well-defined. Here, we
review the commonly used medications in RA-ILD and
present data supporting their use as RA-ILD therapies.

Immunosuppression

Corticosteroids
Corticosteroids are often the first used therapy in RA-ILD,
though data supporting this approach are scarce. One retro-
spective study showed that in patients with RA with a UIP
pattern, treatment with glucocorticoids alone or in combina-
tionwith other immunosuppressant medications improved or
stabilized disease in half of 84 patients.53 In another cohort of
26 patients with connective tissue disease-associated ILD
(CTD-ILD), 11 of whom had RA-ILD, two courses of pulse
dosemethylprednisolonetherapy followedby1yearofcortico-
steroids and tacrolimus were well-tolerated and led to signifi-
cantly improved FVC andDLCOat 12months.54Corticosteroids
may be particularly effective in patients with an OP pattern on
imaging, with one group reporting symptomatic and imaging
resolution in 12 patients receiving glucocorticoids.55However,
prolonged treatment with corticosteroids is discouraged given
the toxic side effect profile, including the risk of infection and
osteoporosis.56–58 Corticosteroids, if needed, should ideally be
used as a bridge to a steroid-sparing agent.

Mycophenolate Mofetil
MMF is a prodrug of mycophenolic acid, which decreases the
synthesis of guanine nucleotides and reduces T and B lym-
phocyte proliferation and antibody formation.59Historically,
MMF has been used for the treatment of RA-ILD, based on
its efficacy in improving lung function in systemic sclerosis-
associated ILD.51 Two retrospective cohort studies have
additionally shown that MMF stabilizes FVC in all-comers
with CTD-ILD. In a retrospective cohort study of 125 patients
with CTD-ILD treated with mycophenolate, 18 of whom had
RA-ILD, patients showed significant improvements in per-
cent predicted FVC after MMF initiation.60 Similar findings
were observed in a separate CTD-ILD cohort, where MMF
was associated with FVC and DLCO stability.61

Recently,Matson et al conducted amulti-site, retrospective
studywith 212 patientswith RA-ILD treatedwith eitherMMF,
azathioprine, or rituximab.16 All three treatments resulted in
an improvement in FVC and DLCO when compared to the
potential response that would have been observed based on
the pretreatment trend. Patients receivingMMF, azathioprine,
or rituximabhada3.9% increase inpercentpredictedFVCanda
4.5% increase in percent predicted DLCO at 12 months, com-
pared to the counterfactual change that would have been
expected had treatment not been initiated. Additional data
from 18 UK centers suggest that all-cause mortality tended to
be lower among RA-ILD patients treated withMMF compared
to anti-tumor necrosis factor therapies, though the numbers
were small.39

However, it is crucial to note that MMF has not proven
effective in addressing the inflammatory joint disease in RA.
In fact, a randomized clinical trial was prematurely termi-
nated when MMF was no better than placebo at improving
the primary endpoint of the American College of Rheuma-
tology 20% responder index (ACR20), which accounts for
joint disease, global disease activity, and acute phase reac-
tants.62 Further, nearly 8% of patients treated with MMF in
the Matson study needed additional therapy for progression
of joint disease,16 further underscoring MMF’s lack of joint
disease efficacy.

Azathioprine
Azathioprine is a pro-drug of 6-mercaptopurine that inhibits
purine synthesis and is commonly used for RA-ILD.59 In a
retrospective, single-center cohort study of patients with
CTD-ILD treated with azathioprine and MMF, the authors
find that patients taking azathioprine had a significant yearly
increase in FVC and DLCO.61 However, these findings were
limited to patients who could tolerate azathioprine. A higher
proportion of patients discontinued azathioprine compared
to MMF due to side effects. Similarly, in the multi-center,
retrospective study described above, patients taking azathi-
oprine experienced more side effects than patients taking
MMF or rituximab and 13% had to stop azathioprine because
of an adverse effect.16 Azathioprine does appear to have
some benefit for tender joints,63 though 5.4% of patients
taking azathioprine needed additional therapy for joint
disease in this study.16

Rituximab
Rituximab is a monoclonal antibody against B-cell marker
CD20, known to be efficacious in treating RA alone and in
combination with other disease-modifying anti-rheumatic
drugs (DMARDs).64 Retrospective data suggest that it is also
effective in treating RA-ILD. Several cohort studies have
shown that RA-ILD patients treated with rituximab show
lung function stability or improvement.16,65,66 A registry
study including 290 patients across 18 UK centers addition-
ally showed that rituximab is associated with a 48% reduc-
tion in all-cause mortality compared to RA-ILD patients
receiving antitumor necrosis factor therapies.39

Further supporting the use of rituximab is a recent trial
evaluating combination rituximab andMMF in patients with
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NSIP by biopsy or imaging.67 Patients from 17 academic
French centers with ILD refractory to immunosuppressive
treatment were included, including three patients with
RA-ILD. Rituximab and MMF led to a significant improve-
ment in 6-month percent predicted FVC and progression-
free survival compared to placebo and MMF. As expected,
patients who received rituximab and MMF had more
frequent infections.

Abatacept
Abatacept is a soluble fusion protein that inhibits T-lympho-
cyte co-stimulation and is used in RA to treat joint disease,
improve physical function, and reduce disease activity and
pain.68 Several case series and retrospective studies show that
RA-ILD patients treated with abatacept experience stable or
improved lung function and chest imaging while treated.69–71

Large database studies suggest that patients treated with
abatacept may have a lower incidence of ILD exacerbations
compared to TNF inhibitors, but this did not reach statistical
significance.72 The most compelling data for abatacept come
from a large multicenter observational study of 263 patients
with RA-ILD treated with abatacept, finding stable or im-
proved pulmonary function in 90% of patients and stable or
improved radiologic appearance in 77% of patients over a 12-
month time frame.73 This was accompanied by a significant
reduction in median glucocorticoid dose and significant im-
provement in joint disease activity. Eleven percent of patients
had to discontinueabataceptdue to anadverse event, themost
common of which was serious infection. More evidence will
guide the use of abatacept in the coming years, as there is a
phase 2 study currently evaluating the effect of abatacept on
lung function in RA-ILD (NCT03084419).

Cyclophosphamide
Cyclophosphamide is an alkylating antineoplastic agent wide-
ly used for the treatment of cancer patients and rheumatologic
diseases.74 Its efficacy in improving lung function has been
demonstrated in randomized controlled trials in systemic
sclerosis-associated ILD,51,52 and additionally, cyclophospha-
mide has been shown to treat tender or swollen joints in RA.75

The data specific to RA-ILD are very limited. One retrospective
study found that patients treatedwith cyclophosphamide had
no worse mortality compared to other treatments, despite
having worse baseline lung function.39 Due to its serious
toxicities including hemorrhagic cystitis, gonadal failure, and
bladder malignancy, cyclophosphamide is not routinely used
as first-line therapy in RA-ILD but can be considered in
refractory disease. It is occasionally used for acute exacerba-
tions, though we note that it has not been shown to show a
survival benefit in patients with acute exacerbation of RA-ILD
in propensity-matched analysis.76

Other Immunosuppressant Therapies
In addition to the aforementioned treatments, various ther-
apies employed for RA are being explored for their potential
effectiveness in managing RA-ILD. Among these, tocilizu-
mab, a humanized anti-interleukin 6 antibody, and Janus
kinase (JAK) inhibitors show promise.77,78 Still, the available

data on their efficacy in RA-ILD are limited and warrant
further investigation. Ongoing research includes a phase 4
study underway to compare the JAK-inhibitor tofacitinib
with methotrexate treatment (NCT04311567). This study
aims to evaluate the efficacy and safety of tofacitinib in
both subclinical and clinical RA-ILD.

Antifibrotics

Nintedanib
Nintedanib is a tyrosine kinase inhibitor that has been shown
to slow FVC decline in patients with IPF.79 Recently, the
INBUILD trial evaluated the effect of nintedanib in patients
with non-IPF ILD who showed evidence of ILD progression in
the 24months prior to enrollment despite usual care.80More
than a quarter of these patients had autoimmune ILD,
including 98 patients with RA. Post-hoc analyses from the
INBUILD trial showed that the effect of nintedanib on
reducing the rate of FVC decline was consistent across ILD
subgroups and autoimmune subtypes, with a difference in
annual FVC change of 118.2mL/year favoringnintedanib over
placebo within the RA-ILD subgroup.81 It should be noted
that the INBUILD trial did not allow background immuno-
suppression—excluding patients treated with azathioprine,
MMF, rituximab, cyclophosphamide, or glucocorticoids. Con-
sequently, it is challenging to know whether nintedanib
would augment immunosuppressive therapy for patients
with RA-ILD. Extrapolating from the SENSCIS trial, which
allowed background immunosuppression and demonstrated
that nintedanib slowed FVC decline in patientswith systemic
sclerosis associated ILD,82 it seems plausible that nintedanib
similarly slows decline in patients with RA-ILD who are
progressive despite concurrent immunosuppression.

Pirfenidone
Pirfenidone is the other antifibrotic approved for treatment of
IPF after randomized trials demonstrated its efficacy in reduc-
ing the rate of FVC decline.83,84 Trials evaluating pirfenidone in
progressive non-IPF ILD have suffered from poor enrollment
and issues with home spirometry monitoring, but the data
suggest that pirfenidone is also effective in slowing FVC decline
in non-IPF ILD.85,86 In the first randomized, double-blind,
placebo-controlled trial of patients with RA-ILD, the TRAIL1
Network investigators sought to examine the effect of pirfeni-
done on the progression of lung disease in patients with RA-
ILD.15 Patients from 34 academic ILD centers with at least 10%
lung fibrosis and restrictive physiologywere included. Patients
couldnothavestartedorhadadosealterationofcorticosteroids
or immunosuppression within 3 months of screening. Unfor-
tunately, the trial was stopped early due to slow recruitment
and there was no significant difference found in the composite
primary endpoint (10% decline in percent predicted FVC or
death) between the pirfenidone and placebo groups. However,
the investigators did find a slower rate of FVC decline over
52 weeks in the patients receiving pirfenidone as compared to
placebo (–66mL vs. –146mL). Interestingly, this effect was
observed in patients with a UIP HRCT pattern, but the effect
on FVC change was not seen in patients without a UIP pattern.
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Consideration ofMethotrexate in the Setting of RA-ILD
Distinct from the discussion of RA-ILD treatments, we now
turn our attention to an important clinical question of
whether to continue DMARDs in the setting of fibrotic ILD.
While it is thought that nearly all antirheumatic drugs can
worsen ILD, methotrexate stands out as particularly notori-
ous for inducing and worsening ILD. In this context, we
examine the evidence supporting the safety of continuing
methotrexate in a patient with RA-ILD.

Methotrexate is the preferred first-line disease modifying
antirheumatic drug in RA management, effectively reducing
disease activity, morbidity, and mortality.87,88 It is well
characterized that methotrexate can induce subacute HP
with an incidence of about 1%.89 This presents as dry cough,
dyspnea, and fever, has amedian time from drug initiation of
9 months, and is characterized by diffuse ground glass
opacities on imaging.90 Treatment of methotrexate-induced
HP involves drug discontinuation, glucocorticoids, and
avoidance of future methotrexate exposure.

This is in contrast to the issue of whether methotrexate
causes or worsens fibrotic ILD in patients with RA. It has long
been disputed that methotrexate exposure causes fibrotic
ILD, and clinicians are often concerned about starting or
maintainingmethotrexate in patients with RA-ILD. Themost
compelling data to answer this question come from a recent
large, retrospective study with systematic evaluation of
chest HRCT and methotrexate exposure in 410 patients
with RA-ILD and 673 patients with RA and no ILD.91 Juge
and colleagues found that the frequency of methotrexate use
was lower in RA-ILD patients compared to RA patients
without ILD. In other words, patients who were taking
methotrexate for their RA were less likely to have ILD than
those who were not taking methotrexate. Additionally, ILD
detection by HRCT was delayed by 3.6 years in patients
exposed to methotrexate as compared to never exposed
patients. While this does not prove causality, this suggests
that methotrexate exposure may be protective in RA-ILD.
The retrospective nature of this studymakes it susceptible to
confounding by indication—it is conceivable that physicians
may have prescribed methotrexate less frequently to
patients with respiratory symptoms or signs suspicious of
ILD not captured in the study. One way around this is to
restrict analysis to incident cases of ILD, which has been done
in one prospective study. Kiely et al found that methotrexate
was not associatedwith incident RA-ILD.92 They also found a
trend toward delayed ILD onset in patients exposed to
methotrexate. Based on these studies, in a patient whose
joint manifestations are treated well with methotrexate,
there is no convincing evidence that methotrexate needs
to be discontinued in the setting of fibrotic ILD.

Therapeutic Approach

Initiating Treatment for RA-ILD
Unfortunately, there are no clinical practice guidelines
regarding when to initiate pharmacologic treatment for
RA-ILD, leaving the clinician to weigh the risks and benefits
of prescribing treatment for RA-ILD (►Fig. 1). Most would

agree that a patient experiencing symptoms of dyspnea
and/or cough due to RA-ILD should be offered treatment.
Additionally, for RA patients with ILD who have extrapulmo-
nary indications for treatment, such as active articular
disease, discussion between rheumatologists and pulmonol-
ogists should remain standard of care and preference should
be given to a medication that also targets the lung disease.
Lastly, we consider patients who have demonstrated prior
evidence of ILD progression to be at risk of further progres-
sion and recommend treatment in this group.

The decision to initiate treatment becomes more ambig-
uous when approaching an asymptomatic or stable patient.
We simply do not yet have tools to predict treatment
response in RA-ILD—that is, we cannot predict which
patients will improve on treatment from those who will
progress despite treatment. As a surrogate to treatment
prediction, we consider risk factors of progressive disease,
with the rationale that patients most likely to experience
lung function decline and death are also likely to benefit from
treatment. For patients with demographic risk factors for
progressive disease, including older age, we recommend
shared decision-making regarding initiating treatment
versus close monitoring. Similarly, as discussed above,
patients with low or decreasing FVC and DLCO and extensive
or worsening fibrosis, including those with a UIP pattern on
HRCT, are likely to benefit from early initiation of treatment.

Choice of Treatment
Once the decision has been made to initiate therapy, the
question becomes whether to start immunosuppression or
antifibrotic as first-line therapy. We highlight that, in gener-
al, immunosuppressants have been shown to improve or
stabilize lung function in RA-ILD. Contrastingly, antifibrotics
do not reverse disease or improve symptoms but have
instead been shown to slow lung function decline. Given
the potential to improve lung function, immunosuppressant
therapy should be considered as first-line therapy in RA-ILD.

Next, the question arises whether radiologic pattern
should influence first-line therapy—specifically, if immu-
nosuppression should be avoided in patients with a UIP
pattern. UIP is most associated with IPF, the prototypic ILD
for which it has been shown that a combination of predni-
sone, azathioprine, and N-acetylcysteine leads to increased
mortality.93 This has led to the concern that patients with
RA and a UIP pattern share biologic and mechanistic
similarities with IPF that would predispose them to similar
harm. In the retrospective study comparing azathioprine
and MMF in patients with CTD-ILD, patients taking azathi-
oprine were not found to have an increased rate of adverse
outcomes compared to patients taking MMF, even when
analyses were restricted to patients with a UIP pattern.61

These data were corroborated by the large multi-site study
of 212 patients with RA-ILD treated with azathioprine,
MMF, and rituximab, where Matson and colleagues found
no impact of radiologic UIP on the effect of immunosup-
pression on lung function.16 These data justify the use of
immunosuppression as first-line therapy in patients with
RA-ILD, irrespective of HRCT pattern.
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Fig. 1 Our approach to initiating treatment for RA-ILD. We suggest treatment for symptomatic patients and patients with progressive
RA-ILD. Risk factors for progression and UIP pattern are considered in shared decision-making regarding when to initiate treatment. HRCT,
high-resolution computed tomography; ILD, interstitial lung disease; PFT, pulmonary function testing; RA, rheumatoid arthritis;
UIP, usual interstitial pneumonia.
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With regard towhich immunosuppressant to start, themost
commonly used agents for RA-ILD are MMF, azathioprine, and
rituximab.16,17 These are reasonable first-line therapies, as all
three are associated with improved pulmonary function at
1 year compared to pretreatment pulmonary function trend
withnosignificantdifferencebetween treatment choice, based
on retrospective data.16We also find that reasonable evidence
exists to support using abatacept as first-line in RA-ILD,
particularly for patients with a high articular burden. Several
additional considerations exist in the choice of up-front thera-
py (►Table 2 and ►Fig. 2). MMF does not improve articular
symptoms, soapatientwithRA-ILDandjoint symptomswould
need an additional DMARD if prescribed MMF. Azathioprine
may have some efficacy in treating joint disease,63 while
rituximab or abatacept has consistently documented efficacy
in treating articular disease in RA.68,73,94 Route of administra-
tion should also be a consideration, as patients may prefer the
oral route ofMMFor azathioprine.Wenote that azathioprine is
less toleratedthanMMF,withmoresideeffectsandhigher rates
of drug discontinuation. In patients for whom adherence to a
daily or twice-daily drug may pose a problem, rituximab is
typically administered every 6 months and abatacept can be
administered monthly. Of course, patient preferences and
values should be considered for every clinical decision.

Additional Therapy
After initiating therapy, patients should undergo serial pul-
monary function testing every 3 to 6 months. Worsening FVC
or DLCO, or worsening symptoms of dyspnea or cough, should
prompt HRCT to confirm worsening ILD. Unfortunately, a
subset of patients with RA-ILD will continue to progress

despite immunosuppressant therapy. Based on the INBUILD
trial showing nintedanib slows decline in progressive dis-
ease80 and the TRAIL1 trial showing the effect of pirfenidone
on the decline in FVC was more pronounced in patients with
radiologic UIP,15 consideration of antifibrotic therapy is war-
ranted in a patient progressing despite immunosuppressant
therapy, particularly among those with a UIP pattern.

Further, there is no guidance regarding switching or
adding immunosuppressant therapy for progressive RA-
ILD, though this is common in clinical practice. After
switching between MMF, azathioprine, rituximab, and/or
abatacept, if a patient is still showing lung progression,
combination immunosuppression may be considered after
shared decision-making between the patient, pulmonolo-
gist, and rheumatologist. This is done with careful consid-
eration of the risk of severe infection in combining
immunosuppressive medications. One additional thought
at this point is whether the patient is a lung transplant
candidate, as this may preclude the use of certain medi-
cations in the peri-transplant period.95

Nonpharmacologic Therapy
Pulmonary rehabilitation, particularly in patients with
poor functional status, is likely to lead to improvements
in functional exercise capacity, dyspnea, and quality of life
in patients with ILD.96 In addition, while there is no
convincing evidence for the use of supplemental oxygen
in patients with ILD, most experts agree that oxygen
should be offered for patients with severe resting hypox-
emia and exertional desaturation, particularly with
attributable symptoms or exercise limitation.97,98 Lastly,

Table 2 RA-ILD treatment

Treatment Mechanism Route and dosing ILD outcomes
(number of RA-ILD patients)

Treats
joints

Side effects

Mycophenolate
mofetil

Decreases synthesis of
guanine nucleotides and
reduces T and B lymphocyte
proliferation and antibody
formation

Oral: 1.0–1.5 g twice
daily

Single-center cohort: FVC and
DLCO stability (n¼ 18)60

Single-center cohort: FVC and
DLCO stability (n¼ 43)61

Multi-center cohort: FVC and
DLCO improvement (n¼77)16

No62 GI upset, cytopenia,
recurrent infections,
elevated liver enzymes

Azathioprine Pro-drug of 6-mercaptopu-
rine; inhibits purine synthesis

Oral 1.5–2mg/kg IBW
once daily, not to
exceed 200mg/day

Single-center cohort: FVC and
DLCO improvement (n¼54)61

Multi-center cohort: FVC and
DLCO improvement (n¼92)16

Yes63 GI upset, elevated liver
enzymes, cytopenia,
recurrent infections

Rituximab Anti-CD20 antibody IV 1 g once every
2 weeks for 2 doses,
repeat every 24 weeks

Multi-center cohort: FVC and
DLCO improvement (n¼43)16

RCT: progression-free survival
benefit (n¼ 3)67

Yes94 GI upset, cytopenia,
recurrent infections

Abatacept T-lymphocyte costimulatory
inhibitor

SQ: 125mg once
weekly or IV: 500mg
to 1 g every 4 weeks

Multi-center cohort: FVC and
DLCO stability, HRCT stability
(n¼ 263)73

Yes68,73 Recurrent or serious
infections, cutaneous
infusion reaction

Nintedanib Tyrosine kinase inhibitor Oral: 150mg twice
daily

RCT: slow FVC decline
(n¼ 89)80,81

No Diarrhea, nausea, vomiting,
decreased appetite, elevated
liver enzymes, weight loss

Pirfenidone Suppresses TGF-β1,
modulates fibrogenic growth
factors, and downregulates
inflammatory pathways100

Oral: 801mg
3 times daily

RCT: slow FVC decline
(n¼ 231)15

No Nausea, headache, anorexia

Abbreviations; DLCO, diffusing capacity for carbon monoxide; FVC, forced vital capacity; ILD, interstitial lung disease; IV, intravenous; RA,
rheumatoid arthritis; RCT, randomized controlled trial; SQ, subcutaneous; IBW, ideal body weight.
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lung transplantation results in similar survival rates at
1-year posttransplant in patients with RA-ILD as compared
to patients with IPF and systemic sclerosis-associated
ILD. Lung transplantation has also been shown to
improve quality-of-life scores and dyspnea in those with
RA-ILD99

Future Directions and Unmet Research Needs

While there have been strides made in the management of
RA, unmet needs remain in the treatment and management
of RA-ILD. One pivotal question revolves around the timing
of initiating ILD treatment. Accurately predicting which

Fig. 2 Treatment medication choices. Immunosuppressants are considered first-line therapy in RA-ILD, with mycophenolate mofetil,
azathioprine, and rituximab consistently shown to improve lung function in RA-ILD in observational studies. Evidence also supports abatacept
as a treatment choice, particularly for patients with high articular burden. HRCT, high-resolution computed tomography; ILD, interstitial
lung disease; PFT, pulmonary function testing.
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patients will maintain disease stability without therapeutic
intervention is crucial, as it would allow for closemonitoring
instead of subjecting these patients to potential side effects
of unnecessarymedications. Conversely, identifying patients
at risk of near-term progression and death is imperative to
facilitate informed discussions between patients and clini-
cians about the initiation of treatment. Notably, the most
reliable prognostic indicators are byproducts of severe
and/or progressive fibrosis—low lung function, fibrotic
extent on imaging, and evidence of worsening disease by
physiology and/or imaging. Relying on these prognostic
indicators leaves clinicians waiting for overt signs of fibrotic
progression before initiating treatment.

Next, an important aspect of RA-ILD management lies in
distinguishing patients who will rapidly progress despite
treatment from those who will stabilize or improve with
treatment. Predicting nonresponders to treatment will be
pivotal for tailoring individual patient care, allowing for
earlier consideration of combination therapies and timelier
referral to lung transplantation. Beyond patient care, identi-
fying nonresponders will optimize clinical trial design
through trial enrichment. It will be through randomized
trials that we will understand which medications should
constitute first-line therapy.

Further, to tailor treatment with a personalized approach,
we need to understandwhich groups of patientswith RA-ILD
will most likely benefit from immunosuppression, antifi-
brotics, or a combination of both as the initial therapeutic
strategy. Without validated markers to discern between
these groups, we currently reach for immunosuppression
as first-line given its potential to improve lung function. The
ability to predict treatment response will allow for better
care of patients with RA-ILD, allowing us to refine our
treatment strategies and improve our understanding of
this complex disease.

Conclusion

RA-ILD is a devastating condition, marked by considerable
morbidity and mortality. In the absence of validated pre-
dictors of treatment response, prognostic markers currently
serve as surrogates in deciding when to initiate therapy.
Immunosuppression should be considered for RA-ILD, given
its potential to improve lung function, even in patientswith a
UIP pattern. The evidence base, largely based on retrospec-
tive observation, supports the use of MMF, azathioprine, and
rituximab for RA-ILD. Abatacept is also emerging as an
option for RA-ILD treatment. Recognizing that patients
may progress despite immunosuppression alone, the addi-
tion of antifibrotics should be considered, particularly for
patients who progress despite immunosuppression and
those with a UIP pattern. This combination holds potential
to address the interplay between inflammatory and
fibrotic processes. Further research is needed to address
several clinical uncertainties. Efforts should focus on devel-
oping tools to predict patients who will remain stable
from patients who will progress, treatment responders

from nonresponders, and the patients most likely to benefit
from immunosuppression and/or antifibrotic therapy.

Conflicts of Interest
J.V.P. reports no conflicts. J.S.L. reports receiving grants
from the NIH and Boehringer Ingelheim, an unrestricted
research gift from Pliant, and consulting fees from Blade,
Boehringer Ingelheim, United Therapeutics, AstraZeneca,
and Eleven P15, outside the submitted work. J.S.L. is/has
been on the DSMB for United Therapeutics and Avalyn and
is an advisor for the Pulmonary Fibrosis Foundation,
outside the submitted work.

References
1 Safiri S, Kolahi AA, Hoy D, et al. Global, regional and national

burden of rheumatoid arthritis 1990-2017: a systematic analysis
of the Global Burden of Disease study 2017. Ann Rheum Dis
2019;78(11):1463–1471

2 Black RJ, Lester S, Tieu J, et al. Mortality estimates and excess
mortality in rheumatoid arthritis. Rheumatology (Oxford) 2023;
62(11):3576–3583

3 Olson AL, Swigris JJ, Sprunger DB, et al. Rheumatoid arthritis-
interstitial lung disease-associated mortality. Am J Respir Crit
Care Med 2011;183(03):372–378

4 England BR, Sayles H, Michaud K, et al. Cause-specific mortality
inmale US Veterans with rheumatoid arthritis. Arthritis Care Res
(Hoboken) 2016;68(01):36–45

5 Hayakawa H, Sato A, Imokawa S, ToyoshimaM, Chida K, Iwata M.
Bronchiolar disease in rheumatoid arthritis. Am J Respir Crit Care
Med 1996;154(05):1531–1536

6 Devouassoux G, Cottin V, Lioté H, et al. Groupe d’Etudes et de
Recherche sur les Maladies “Orphelines” Pulmonaires (GER-
M“O”P) Characterisation of severe obliterative bronchiolitis in
rheumatoid arthritis. Eur Respir J 2009;33(05):1053–1061

7 Lin E, Limper AH, Moua T. Obliterative bronchiolitis associated
with rheumatoid arthritis: analysis of a single-center case series.
BMC Pulm Med 2018;18(01):105

8 Duarte AC, Porter J, Leandro MJ. Bronchiectasis in rheumatoid
arthritis. A clinical appraisial. Joint Bone Spine 2020;87(05):
419–424

9 Kamanli A, Gok U, Sahin S, Kaygusuz I, Ardicoglu O, Yalcin S.
Bilateral cricoarytenoid joint involvement in rheumatoid arthri-
tis: a case report. Rheumatology (Oxford) 2001;40(05):593–594

10 KoslowM, Young JR, Yi ES, et al. Rheumatoid pulmonary nodules:
clinical and imaging features compared with malignancy. Eur
Radiol 2019;29(04):1684–1692

11 Makol A, Matteson EL, Warrington KJ. Rheumatoid vasculitis: an
update. Curr Opin Rheumatol 2015;27(01):63–70

12 Balbir-Gurman A, Yigla M, Nahir AM, Braun-Moscovici Y. Rheu-
matoid pleural effusion. Semin Arthritis Rheum 2006;35(06):
368–378

13 Brown KK, Roger S. Rheumatoid lung disease. Proc Am Thorac
Soc 2007;4(05):443–448

14 Bongartz T, Nannini C, Medina-Velasquez YF, et al. Incidence and
mortality of interstitial lung disease in rheumatoid arthritis: a
population-based study. Arthritis Rheum 2010;62(06):
1583–1591

15 Solomon JJ, Danoff SK, Woodhead FA, et al. TRAIL1 Network
Investigators. Safety, tolerability, and efficacy of pirfenidone in
patients with rheumatoid arthritis-associated interstitial lung
disease: a randomised, double-blind, placebo-controlled, phase
2 study. Lancet Respir Med 2023;11(01):87–96

16 Matson SM, Baqir M, Moua T, et al. Treatment outcomes for
rheumatoid arthritis-associated interstitial lung disease: a real-

Seminars in Respiratory and Critical Care Medicine Vol. 45 No. 3/2024 © 2024. Thieme. All rights reserved.

Overview of RA-ILD and Its Treatment Pugashetti, Lee338

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



world, multisite study of the impact of immunosuppression on
pulmonary function trajectory. Chest 2023;163(04):861–869

17 Marcoux V, Lok S, Mondal P, et al. Treatment of rheumatoid
arthritis-associated interstitial lung disease in a multi-center
registry cohort. J Thorac Dis 2023;15(05):2517–2527

18 Cavagna L, Monti S, Grosso V, et al. The multifaceted aspects of
interstitial lung disease in rheumatoid arthritis. BioMed Res Int
2013;2013:759760

19 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 popula-
tion-based study. J Rheumatol 2011;38(06):983–989

20 Hyldgaard C, Hilberg O, Pedersen AB, et al. A population-based
cohort study of rheumatoid arthritis-associated interstitial lung
disease: comorbidity and mortality. Ann Rheum Dis 2017;76
(10):1700–1706

21 Sparks JA, Jin Y, Cho SK, et al. Prevalence, incidence and cause-
specific mortality of rheumatoid arthritis-associated interstitial
lung disease among older rheumatoid arthritis patients. Rheu-
matology (Oxford) 2021;60(08):3689–3698

22 Raimundo K, Solomon JJ, Olson AL, et al. Rheumatoid arthritis-
interstitial lung disease in the United States: prevalence, inci-
dence, and healthcare costs and mortality. J Rheumatol 2019;46
(04):360–369

23 Roos Ljungberg K, Joshua V, Skogh T, et al. Secretory anti-
citrullinated protein antibodies in serum associate with lung
involvement in early rheumatoid arthritis. Rheumatology (Ox-
ford) 2020;59(04):852–859

24 Doyle TJ, Patel AS, Hatabu H, et al. Detection of rheumatoid
arthritis-interstitial lung disease is enhanced by serum biomark-
ers. Am J Respir Crit Care Med 2015;191(12):1403–1412

25 Kamiya H, Panlaqui OM. Systematic review and meta-analysis of
the risk of rheumatoid arthritis-associated interstitial lung
disease related to anti-cyclic citrullinated peptide (CCP) anti-
body. BMJ Open 2021;11(03):e040465

26 Kelly CA, Saravanan V, Nisar M, et al. British Rheumatoid Intersti-
tial Lung (BRILL) Network. Rheumatoid arthritis-related intersti-
tial lungdisease: associations, prognostic factors andphysiological
and radiological characteristics–a large multicentre UK study.
Rheumatology (Oxford) 2014;53(09):1676–1682

27 Giles JT, Danoff SK, Sokolove J, et al. Association of fine specificity
and repertoire expansion of anticitrullinated peptide antibodies
with rheumatoid arthritis associated interstitial lung disease.
Ann Rheum Dis 2014;73(08):1487–1494

28 Koduri G, Norton S, Young A, et al. ERAS (Early Rheumatoid
Arthritis Study) Interstitial lung disease has a poor prognosis in
rheumatoid arthritis: results from an inception cohort. Rheu-
matology (Oxford) 2010;49(08):1483–1489

29 Juge P-A, Lee JS, Ebstein E, et al. MUC5B promoter variant and
rheumatoid arthritis with interstitial lung disease. N Engl J Med
2018;379(23):2209–2219

30 Juge P-A, Borie R, Kannengiesser C, et al. FREX consortium.
Shared genetic predisposition in rheumatoid arthritis-intersti-
tial lung disease and familial pulmonary fibrosis. Eur Respir J
2017;49(05):1602314

31 Ghodrati S, Pugashetti JV, Kadoch MA, Ghasemiesfe A, Oldham
JM. Diagnostic accuracy of chest radiography for detecting
fibrotic interstitial lung disease. Ann Am Thorac Soc 2022;19
(11):1934–1937

32 Hoffmann T, Oelzner P, Franz M, et al. Assessing the diagnostic
value of a potential screening tool for detecting early interstitial
lung disease at the onset of inflammatory rheumatic diseases.
Arthritis Res Ther 2022;24(01):107

33 Kass DJ, Nouraie M, Glassberg MK, et al. Comparative profiling of
serum protein biomarkers in rheumatoid arthritis-associated
interstitial lung disease and idiopathic pulmonary fibrosis.
Arthritis Rheumatol 2020;72(03):409–419

34 Qin Y, Wang Y, Meng F, et al. Identification of biomarkers by
machine learning classifiers to assist diagnose rheumatoid ar-
thritis-associated interstitial lung disease. Arthritis Res Ther
2022;24(01):115

35 Raghu G, Remy-Jardin M, Myers JL, et al. American Thoracic
Society, European Respiratory Society, Japanese Respiratory
Society, and Latin American Thoracic Society. Diagnosis of
idiopathic pulmonary fibrosis. An official ATS/ERS/JRS/ALAT
clinical practice guideline. Am J Respir Crit Care Med 2018;198
(05):e44–e68

36 Zamora-Legoff JA, Krause ML, Crowson CS, Ryu JH, Matteson EL.
Patterns of interstitial lung disease and mortality in rheumatoid
arthritis. Rheumatology (Oxford) 2017;56(03):344–350

37 Solomon JJ, Chung JH, Cosgrove GP, et al. Predictors of mortality
in rheumatoid arthritis-associated interstitial lung disease. Eur
Respir J 2016;47(02):588–596

38 Brooks R, Baker JF, Yang Y, et al. The impact of disease severity
measures on survival in U.S. veterans with rheumatoid arthritis-
associated interstitial lung disease. Rheumatology (Oxford)
2022;61(12):4667–4677

39 Kelly CA, Nisar M, Arthanari S, et al. Rheumatoid arthritis related
interstitial lung disease - improving outcomes over 25 years: a
large multicentre UK study. Rheumatology (Oxford) 2021;60
(04):1882–1890

40 Jacob J, Hirani N, vanMoorsel CHM, et al. Predicting outcomes in
rheumatoid arthritis related interstitial lung disease. Eur Respir J
2019;53(01):1800869

41 Kim EJ, Elicker BM, Maldonado F, et al. Usual interstitial pneu-
monia in rheumatoid arthritis-associated interstitial lung dis-
ease. Eur Respir J 2010;35(06):1322–1328

42 Ley B, Ryerson CJ, Vittinghoff E, et al. A multidimensional index
and staging system for idiopathic pulmonary fibrosis. Ann Intern
Med 2012;156(10):684–691

43 Ryerson CJ, Vittinghoff E, Ley B, et al. Predicting survival across
chronic interstitial lung disease: the ILD-GAPmodel. Chest 2014;
145(04):723–728

44 Morisset J, Vittinghoff E, Lee BY, et al. The performance of the
GAP model in patients with rheumatoid arthritis associated
interstitial lung disease. Respir Med 2017;127:51–56

45 Solomon JJ, Ryu JH, Tazelaar HD, et al. Fibrosing interstitial
pneumonia predicts survival in patientswith rheumatoid arthri-
tis-associated interstitial lung disease (RA-ILD). Respir Med
2013;107(08):1247–1252

46 KimHC, Lee JS, Lee EY, et al. Risk predictionmodel in rheumatoid
arthritis-associated interstitial lung disease. Respirology 2020;
25(12):1257–1264

47 Oh JH, Kim GHJ, Cross G, et al. Automated quantification system
predicts survival in rheumatoid arthritis-associated interstitial
lung disease. Rheumatology (Oxford) 2022;61(12):4702–4710

48 Pugashetti JV, Adegunsoye A, Wu Z, et al. Validation of proposed
criteria for progressive pulmonary fibrosis. Am J Respir Crit Care
Med 2023;207(01):69–76

49 Oldham JM, Lee CT, Wu Z, et al. Lung function trajectory in
progressive fibrosing interstitial lung disease. Eur Respir J 2022;
59(06):2101396

50 Assayag D, Lubin M, Lee JS, King TE, Collard HR, Ryerson CJ.
Predictors of mortality in rheumatoid arthritis-related intersti-
tial lung disease. Respirology 2014;19(04):493–500

51 Tashkin DP, RothMD, Clements PJ, et al. Sclerodema Lung Study II
Investigators. Mycophenolate mofetil versus oral cyclophospha-
mide in scleroderma-related interstitial lung disease (SLS II): a
randomised controlled, double-blind, parallel group trial. Lancet
Respir Med 2016;4(09):708–719

52 Tashkin DP, Elashoff R, Clements PJ, et al. Scleroderma Lung
Study Research Group. Cyclophosphamide versus placebo in
scleroderma lung disease. N Engl J Med 2006;354(25):
2655–2666

Seminars in Respiratory and Critical Care Medicine Vol. 45 No. 3/2024 © 2024. Thieme. All rights reserved.

Overview of RA-ILD and Its Treatment Pugashetti, Lee 339

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



53 Song JW, Lee HK, Lee CK, et al. Clinical course and outcome of
rheumatoid arthritis-related usual interstitial pneumonia. Sar-
coidosis Vasc Diffuse Lung Dis 2013;30(02):103–112

54 Yamano Y, Taniguchi H, Kondoh Y, et al. Multidimensional
improvement in connective tissue disease-associated interstitial
lung disease: two courses of pulse dose methylprednisolone
followed by low-dose prednisone and tacrolimus. Respirology
2018;23(11):1041–1048

55 Okada H, Kurasawa K, Yamazaki R, et al. Clinical features of
organizing pneumonia associated with rheumatoid arthritis.
Mod Rheumatol 2016;26(06):863–868

56 Dixon WG, Abrahamowicz M, Beauchamp M-E, et al. Immediate
anddelayed impactoforalglucocorticoid therapyon riskof serious
infection in older patients with rheumatoid arthritis: a nested
case-control analysis. Ann Rheum Dis 2012;71(07):1128–1133

57 Laan RF, Buijs WC, Verbeek AL, et al. Bone mineral density in
patients with recent onset rheumatoid arthritis: influence of
disease activity and functional capacity. Ann RheumDis 1993;52
(01):21–26

58 Zamora-Legoff JA, Krause ML, Crowson CS, Ryu JH, Matteson EL.
Risk of serious infection in patients with rheumatoid arthritis-
associated interstitial lung disease. Clin Rheumatol 2016;35(10):
2585–2589

59 Broen JCA, van Laar JM. Mycophenolate mofetil, azathioprine
and tacrolimus: mechanisms in rheumatology. Nat Rev Rheu-
matol 2020;16(03):167–178

60 Fischer A, Brown KK, Du Bois RM, et al. Mycophenolate mofetil
improves lung function in connective tissue disease-associated
interstitial lung disease. J Rheumatol 2013;40(05):640–646

61 Oldham JM, Lee C, Valenzi E, et al. Azathioprine response in
patients with fibrotic connective tissue disease-associated in-
terstitial lung disease. Respir Med 2016;121:117–122

62 Schiff M, Beaulieu A, Scott DL, Rashford M. Mycophenolate
mofetil in the treatment of adults with advanced rheumatoid
arthritis: three 24-week, randomized, double-blind, placebo- or
ciclosporin-controlled trials. Clin Drug Investig 2010;30(09):
613–624

63 Suarez-Almazor ME, Spooner C, Belseck E. Azathioprine for
treating rheumatoid arthritis. Cochrane Database Syst Rev
2000;(04):CD001461

64 Cohen MD, Keystone E. Rituximab for rheumatoid arthritis.
Rheumatol Ther 2015;2(02):99–111

65 Md Yusof MY, Kabia A, Darby M, et al. Effect of rituximab on the
progression of rheumatoid arthritis-related interstitial lung
disease: 10 years’ experience at a single centre. Rheumatology
(Oxford) 2017;56(08):1348–1357

66 Vadillo C, Nieto MA, Romero-Bueno F, et al. Efficacy of rituximab
in slowing down progression of rheumatoid arthritis-related
interstitial lung disease: data from the NEREA Registry. Rheu-
matology (Oxford) 2020;59(08):2099–2108

67 Mankikian J, Caille A, Reynaud-Gaubert M, et al. EVER-ILD
investigators and the OrphaLung network. Rituximab andmyco-
phenolate mofetil combination in patients with interstitial lung
disease (EVER-ILD): a double-blind, randomised, placebo-con-
trolled trial. Eur Respir J 2023;61(06):2202071

68 Maxwell LJ, Singh JA. Abatacept for rheumatoid arthritis: a
Cochrane systematic review. J Rheumatol 2010;37(02):234–245

69 Cassone G, Manfredi A, Atzeni F, et al. Safety of abatacept in
Italian patients with rheumatoid arthritis and interstitial lung
disease: a multicenter retrospective study. J Clin Med 2020;9
(01):277

70 Fernández-Díaz C, Loricera J, Castañeda S, et al. Abatacept in
patients with rheumatoid arthritis and interstitial lung disease:
a national multicenter study of 63 patients. Semin Arthritis
Rheum 2018;48(01):22–27

71 Vicente-Rabaneda EF, Atienza-Mateo B, Blanco R, et al. Efficacy
and safety of abatacept in interstitial lung disease of rheumatoid
arthritis: a systematic literature review. Autoimmun Rev 2021;
20(06):102830

72 KangEH, JinY,DesaiRJ, Liu J, Sparks JA,KimSC.Riskofexacerbation
of pulmonary comorbidities in patients with rheumatoid arthritis
after initiation of abatacept versus TNF inhibitors: a cohort study.
Semin Arthritis Rheum 2020;50(03):401–408

73 Fernández-Díaz C, Castañeda S, Melero-González RB, et al. Aba-
tacept in interstitial lung disease associated with rheumatoid
arthritis: national multicenter study of 263 patients. Rheuma-
tology (Oxford) 2020;59(12):3906–3916

74 Kovarsky J. Clinical pharmacology and toxicology of cyclophos-
phamide: emphasis on use in rheumatic diseases. Semin Arthri-
tis Rheum 1983;12(04):359–372

75 Suarez-Almazor ME, Belseck E, Shea B, Wells G, Tugwell P.
Cyclophosphamide for treating rheumatoid arthritis. Cochrane
Database Syst Rev 2000;(04):CD001157

76 Nakamura K, Ohbe H, Ikeda K, et al. Intravenous cyclophospha-
mide in acute exacerbation of rheumatoid arthritis-related
interstitial lung disease: a propensity-matched analysis using
a nationwide inpatient database. Semin Arthritis Rheum 2021;
51(05):977–982

77 Manfredi A, Cassone G, Furini F, et al. Tocilizumab therapy in
rheumatoid arthritis with interstitial lung disease: amulticentre
retrospective study. Intern Med J 2020;50(09):1085–1090

78 Tardella M, Di Carlo M, Carotti M, Ceccarelli L, Giovagnoni A,
Salaffi F. A retrospective study of the efficacy of JAK inhibitors or
abatacept on rheumatoid arthritis-interstitial lung disease.
Inflammopharmacology 2022;30(03):705–712

79 Richeldi L, du Bois RM, Raghu G, et al. INPULSIS Trial Investi-
gators. Efficacy and safety of nintedanib in idiopathic pulmonary
fibrosis. N Engl J Med 2014;370(22):2071–2082

80 Flaherty KR,Wells AU, Cottin V, et al. INBUILD Trial Investigators.
Nintedanib in progressive fibrosing interstitial lung diseases. N
Engl J Med 2019;381(18):1718–1727

81 Wells AU, Flaherty KR, Brown KK, et al. INBUILD trial investi-
gators. Nintedanib in patients with progressive fibrosing inter-
stitial 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(05):453–460

82 Distler O, Highland KB, Gahlemann M, et al. SENSCIS Trial
Investigators. Nintedanib for systemic sclerosis-associated inter-
stitial lung disease. N Engl J Med 2019;380(26):2518–2528

83 Noble PW, Albera C, Bradford WZ, et al. CAPACITY Study Group.
Pirfenidone in patients with idiopathic pulmonary fibrosis (CA-
PACITY): two randomised trials. Lancet 2011;377(9779):
1760–1769

84 King TE Jr, Bradford WZ, Castro-Bernardini S, et al. ASCEND Study
Group. A phase 3 trial of pirfenidone in patients with idiopathic
pulmonary fibrosis. N Engl J Med 2014;370(22):2083–2092

85 Maher TM, Corte TJ, Fischer A, et al. Pirfenidone in patients with
unclassifiable progressive fibrosing interstitial lung disease: a
double-blind, randomised, placebo-controlled, phase 2 trial.
Lancet Respir Med 2020;8(02):147–157

86 Behr J, Prasse A, Kreuter M, et al. RELIEF investigators. Pirfeni-
done in patients with progressive fibrotic interstitial lung dis-
eases other than idiopathic pulmonary fibrosis (RELIEF): a
double-blind, randomised, placebo-controlled, phase 2b trial.
Lancet Respir Med 2021;9(05):476–486

87 Smolen JS, Landewé R, Bijlsma J, et al. EULAR recommendations
for the management of rheumatoid arthritis with synthetic and
biological disease-modifying antirheumatic drugs: 2016 update.
Ann Rheum Dis 2017;76(06):960–977

Seminars in Respiratory and Critical Care Medicine Vol. 45 No. 3/2024 © 2024. Thieme. All rights reserved.

Overview of RA-ILD and Its Treatment Pugashetti, Lee340

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



88 Singh JA, Saag KG, Bridges SL Jr, et al. 2015 American College of
Rheumatology guideline for the treatment of rheumatoid arthri-
tis. Arthritis Rheumatol 2016;68(01):1–26

89 Sathi N, Chikura B, Kaushik VV, Wiswell R, Dawson JK. How
common is methotrexate pneumonitis? A large prospective
study investigates. Clin Rheumatol 2012;31(01):79–83

90 Kremer JM, Alarcón GS, Weinblatt ME, et al. Clinical, laboratory,
radiographic, and histopathologic features of methotrexate-
associated lung injury in patients with rheumatoid arthritis: a
multicenter study with literature review. Arthritis Rheum 1997;
40(10):1829–1837

91 Juge P-A, Lee JS, Lau J, et al. Methotrexate and rheumatoid
arthritis associated interstitial lung disease. Eur Respir J 2021;
57(02):2000337

92 Kiely P, Busby AD, Nikiphorou E, 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(05):e028466

93 Raghu G, Anstrom KJ, King TE Jr, Lasky JA, Martinez FJ, Network
IPFCRIdiopathic Pulmonary Fibrosis Clinical Research Network.
Prednisone, azathioprine, and N-acetylcysteine for pulmonary
fibrosis. N Engl J Med 2012;366(21):1968–1977

94 Lopez-Olivo MA, Amezaga Urruela M, McGahan L, Pollono EN,
Suarez-Almazor ME. Rituximab for rheumatoid arthritis.
Cochrane Database Syst Rev 2015;1:CD007356

95 Kotecha S, Ivulich S, Snell G. Review: immunosuppression for the
lung transplant patient. J Thorac Dis 2021;13(11):6628–6644

96 Dowman L, Hill CJ, May A, Holland AE. Pulmonary rehabilitation
for interstitial lung disease. Cochrane Database Syst Rev 2021;2
(02):CD006322

97 Bell EC, Cox NS, Goh N, et al. Oxygen therapy for interstitial lung
disease: a systematic review. Eur Respir Rev 2017;26(143):
160080

98 Lim RK, Humphreys C, Morisset J, Holland AE, Johannson KAO2
Delphi Collaborators. Oxygen in patientswith fibrotic interstitial
lung disease: an international Delphi survey. Eur Respir J 2019;
54(02):1900421

99 Yazdani A, Singer LG, Strand V, Gelber AC, Williams L, Mittoo S.
Survival and quality of life in rheumatoid arthritis-associated
interstitial lung disease after lung transplantation. J Heart Lung
Transplant 2014;33(05):514–520

100 Ruwanpura SM, Thomas BJ, Bardin PG. Pirfenidone: molecular
mechanisms and potential clinical applications in lung disease.
Am J Respir Cell Mol Biol 2020;62(04):413–422

Seminars in Respiratory and Critical Care Medicine Vol. 45 No. 3/2024 © 2024. Thieme. All rights reserved.

Overview of RA-ILD and Its Treatment Pugashetti, Lee 341

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.


