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Abstract

Interstitial lung disease (ILD) is a frequent complication of rheumatoid arthritis (RA) that
is associated with a significant increase in mortality. Several risk factors for the
development of ILD in patients with RA have been identified, but ILD can still develop in
the absence of these risk factors. Screening tools for RA-ILD are required to facilitate
early detection of RA-ILD. Close monitoring of patients with RA-ILD for progression is
crucial to enable timely implementation of treatment strategies to improve outcomes.
Patients with RA are commonly treated with immunomodulatory therapies, although
their efficacy in slowing the progression of RA-ILD remains the subject of debate.
Clinical trials have shown that antifibrotic therapies slow decline in lung function in
patients with progressive fibrosing ILDs, including patients with RA-ILD. The
management of patients with RA-ILD should be based on multidisciplinary evaluation of
the severity and progression of their ILD and the activity of their articular disease. Close
collaboration between rheumatologists and pulmonologists is essential to optimize

patient care.

Key words: interstitial lung disease, outcome measures, pulmonary, rheumatoid

arthritis
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Introduction

Interstitial lung disease (ILD) is a frequent but under-recognized complication of
rheumatoid arthritis (RA) associated with significant morbidity and mortality (1-6). ILD
can occur at any point in the course of RA. The most common patterns evident on high-
resolution computed tomography (HRCT) or histology are usual interstitial pneumonia
(UIP) and non-specific interstitial pneumonia (NSIP) (4,7). The clinical course of RA-ILD
is variable (8-10). Some patients with RA-ILD develop progressive pulmonary fibrosis
(PPF), characterized by an increasing extent of fibrotic abnormalities on HRCT, decline
in lung function, worsening symptoms, and premature mortality (9-13). Although RA-ILD
may have a substantial impact on prognosis, there are insufficient data to inform
evidence-based recommendations on screening and monitoring. In this review, we
discuss the impact of ILD in patients with RA and strategies for its detection, monitoring

and management.

Prevalence and risk factors for RA-ILD

The reported prevalence of RA-ILD ranges between 10% and 61% depending on the
definition used (2,14-26). Symptomatic or clinically significant ILD (based on abnormal
HRCT findings, abnormalities in pulmonary function tests [PFTs] and premature
mortality) has been reported in 10% to 18% of patients with RA (2,14,17,21,25). Risk
factors for the development of RA-ILD include older age, male sex, tobacco exposure,
active synovitis, seropositivity for rheumatoid / anti-cyclic citrullinated peptide, and
polymorphisms in MUC5B (1,7,23,26-33). However, patients with RA who lack these

established risk factors can still develop ILD.
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Diagnosis of RA-ILD

Evaluation for suspected RA-ILD typically includes PFTs, imaging, and sometimes
bronchoalveolar lavage. The gold standard for the diagnosis of ILD is an HRCT scan.
HRCT is not only useful to characterize the pattern and severity of ILD, but also to
exclude alternative diagnoses such as infection, drug-induced pulmonary toxicity and
malignancy. UIP, the most common pattern, has features of fibrosis including
reticulation, traction bronchiectasis and honeycombing. NSIP is less common and has
reticulation along with predominately inflammatory features, such as ground-glass
opacities (34,35). Other patterns, such as organizing pneumonia, are also seen
(4,9,24,27). As a UIP pattern on HRCT predicts underlying histopathology (36), surgical
lung biopsyis usually reserved for patients with atypical patterns on HRCT (e.g.,

asymmetric disease, nodules/cavitation).

Screening for RA-ILD

Early detection and assessment of RA-ILD are important to enable timely initiation of
treatment. Patients may already have severely impaired lung function by the time RA-
ILD is diagnosed. A seminal study conducted in 167 patients found that at the time of
diagnosis, 14% of patients with RA-ILD had a forced vital capacity (FVC) <50%
predicted and 29% had a diffusing capacity of the lungs for carbon monoxide (DLco)
<40% predicted (11). A recent study found that a delay in the diagnosis of RA-ILD was
associated with increased mortality (37). However, there is no consensus as to which

patients with RA should be screened for ILD and no published guidelines for screening.
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Rheumatologists have a key role to play in screening patients with RA for ILD. All
patients with RA should be screened for symptoms of lung involvement (i.e., exertional
breathlessness, dry cough) and have lung auscultation at every clinic visit.
Rheumatologists should have a low threshold to image patients with new or progressive
respiratory symptoms and should image all patients with abnormal findings on chest
auscultation such as “Velcro” crackles (38). Abnormalities on imaging should prompt

referral to a pulmonologist, preferentially one specializing in ILD.

Although dyspnea and cough may develop in patients with RA-ILD (16), some patients
remain asymptomatic (17,39,40). In addition, joint disease may limit mobility and mask
findings of breathlessness with exertion. This means that limiting screening to
symptomatic patients would result in a significant proportion of cases being missed.
However, a recent international survey of 354 rheumatologists found that 44% did not
think screening was necessary in patients with RA who had risk factors for ILD but no

respiratory symptoms (41).

Screening based only on PFTs would also result in cases of RA-ILD being missed, as
many patients with RA-ILD on HRCT have an FVC % predicted that is close to normal
(42,43). Chest X-ray has poor sensitivity and specificity for ILD. HRCT is the gold
standard for screening for ILD, but it is not feasible that all patients with RA-ILD can
undergo HRCT, nor that HRCT could be repeated at frequent intervals. In addition,

HRCT may detect interstitial abnormalities, in the absence of symptoms, which are of
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unclear clinical significance. There is an increasing body of evidence that lung
ultrasound could be a useful tool to detect the presence of ILD (44-46) and to improve
the timing of HRCT to avoid exposing patients to high radiation doses over time. Early
screening for ILD is one of the settings in which ultrasound might be used (46,47), but
confirmation of the sensitivity of ultrasound to detect ILD in a large cohort of patients

with RA is needed and it cannot be regarded as a replacement for HRCT.

Rheumatologists should have a high index of suspicion for lung involvement in patients
with risk factors (38,48). Several screening tools for RA-ILD, based on risk factors, have
been developed but all require further validation. Compared with HRCT, a predictive
score based on sex, age at RA onset, RA disease activity score using 28 joints with
erythrocyte sedimentation rate (DAS28-ESR) score and the MUC5B rs35705950 risk
allele had 75% sensitivity and 85% specificity for identifying RA-ILD (15), but this tool
may be difficult to apply in clinical practice. A risk score based on sex, smoking status,
extra-articular manifestations, a clinical disease activity index score and ESR had 90%
sensitivity and 64 % specificity for identifying RA-ILD (49). A model based on sex,
smoking status, rheumatoid factor, C-reactive protein and matrix metalloproteinase-3
had a C-index of 0.826 for accuracy to detect RA-ILD compared with assessment by
multidisciplinary team (50). A Delphi panel in Spain proposed screening for ILD in
patients with RA with normal auscultation and without respiratory symptoms using a risk
score based on sex, smoking status, age, RA duration, family history of ILD, rheumatoid
factor or anti-cyclic citrullinated protein antibodies, and DAS28-ESR (51). The VECTOR

algorithm, which detects the presence of “Velcro” crackles in sounds recorded by an
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electronic stethoscope, reported 93% sensitivity and 77% specificity for identifying ILD
on HRCT in patients with RA (52), but such equipment is not widely available. The ideal
screening tool will be one that is easy to use in a clinic setting, applicable in areas with
limited resources and directs those with the highest risk of ILD towards HRCT. An
ongoing multi-national cross-sectional study, ANCHOR-RA, will develop a multivariable
model for predicting the presence of RA-ILD on HRCT, based on risk factors, which

might facilitate screening for RA-ILD in clinical practice.

Clinical course and prognosis of RA-ILD

RA-ILD has a variable course (43). Lung function remains stable or even improves after
diagnosis in some patients, while others experience decline that is often slow but can be
rapid (Figure 1). RA-ILD is associated with a significant increase in mortality (1-
3,9,53,54). In a US study of 582 patients, the risk of death over the follow-up period was
almost 3-fold greater in patients with RA-ILD than in patients with RA alone (hazard
ratio: 2.86 [95% CI: 1.98, 4.12]) (1). In a prospective population-based study of 679
patients with RA-ILD and 11,722 matched patients with RA and no ILD, 10-year
mortality was 60.1% (95% CI: 52.9, 66.5) in the patients with RA-ILD compared to
34.5% (95% CI: 32.8, 36.1) in the patients with RA and no ILD (Figure 2) (3). Based on
insurance claims from over 500,000 patients with RA in the USA, the hazard ratio for
mortality was 1.66 (95% CI: 1.60, 1.72) in patients with RA-ILD compared to those with
RA alone, after adjusting for age, sex, smoking history, comorbidities, and

immunosuppressive therapy (54). Some studies have reported that mortality in patients
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with RA-ILD and a UIP pattern is as poor as in patients with idiopathic pulmonary

fibrosis (IPF) (55,56).

Lower FVC and DLco (4, 9,11,57,58) and their decline over 6 months (11) are
associated with greater severity of RA-ILD. A DLco <54% predicted has shown 80%
sensitivity and 93% specificity for predicting a significant deterioration in PFTs with
increased extent of ILD on HRCT, or death as a result of respiratory failure, over two
years in patients with RA-ILD (59). Older age, male sex, higher DAS28 score, a UIP
pattern or a greater extent of LD on HRCT, and elevated blood levels of KL-6,
rheumatoid factor, or anti-cyclic citrullinated peptide have also been shown in various
studies to be predictors of RA-ILD progression (4,10,11,27,35,40,43,55,57,58,60-64).
Models based on demographic factors, clinical characteristics, and HRCT features have
shown potential for predicting mortality. The GAP model, based on age, sex and %

predicted values for FVC and DLco, appears to predict mortality with similar accuracy in

patients with RA-ILD as in those with IPF, the population in which it was developed (65).

A risk prediction model developed using age =60 years and HRCT variables (extent of
fibrosis 220%, UIP pattern, emphysema) performed well in predicting 5-year mortality in
patients with RA-ILD (66). However, at present, itis not possible to make an accurate

prediction of the course of RA-ILD in an individual patient.

Monitoring of RA-ILD
Monitoring patients with RA-ILD is essential to ensure prompt identification of patients

whose ILD is progressing. In practice, this monitoring is conducted mainly by
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rheumatologists at the patient’s regular clinic visits. Although there is no consensus on
how patients with RA-ILD should be monitored, a reasonable approach is to query

about new or progressive respiratory symptoms at every clinic visit, measure FVC and
DLco every 3 to 6 months and perform an HRCT yearly (or earlier if there is worsening

of symptoms or physiology).

Follow-up HRCT may be useful in detecting progression of ILD, as well as evaluate for
complications such as pulmonary hypertension and neoplasms that can have an impact
on survival. However, many issues with HRCT scans in RA-ILD have yet to be resolved,
including interobserver variation in the interpretation of scans and determining the
optimum time interval for follow-up HRCT. There is increasing interest in automated
quantification of computed tomography (CT) scans to assess the severity and
progression of ILD. Among patients with connective tissue disease-associated ILDs
(CTD-ILDs), the extent of fibrosis, extent of reticulation, and pulmonary vessel volume
derived using computer-based CT assessment are predictive of mortality (67,68). Other
quantitative lung fibrosis scores, based on data-driven textual analysis, have been
shown to correlate with changes in lung function in patients with systemic sclerosis-
associated ILD (69), but have not been assessed in patients with RA-ILD. A
retrospective study of quantitative lung densitometry in individuals with RA
demonstrated that the percentage of lung parenchyma with high attenuation areas was
linked to several risk factors for RA-ILD (70). However, this study was performed on
cardiac CT scan images, which could have missed very early ILD changes and its

findings require validation in prospective studies.
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PFTs, particularly FVC and DLco, are the measures most commonly used to evaluate
longitudinal changes in patients with RA-ILD and are typically obtained at 3—6-month
intervals. PFTs have several limitations. They are effort-dependent and patients with
chest muscle weakness or costochondritis may not be able to perform them accurately.
The presence of emphysema (which increases measures of lung volume) may impair
the ability of PFTs to measure the severity or progression of ILD (71). However, in
patients with moderate to severe lung disease, clinical symptoms and PFTs may be
more sensitive than HRCT to detect subtle worsening. While the exact roles of HRCT
and PFTs is not clear, these modalities are complementary and both are important in

the follow-up of patients with RA-ILD.

Management of RA-ILD

While recommendations to guide the management of patients with RA-ILD have been
published (72,73), there are currently no guidelines from international scientific societies
relating specifically to the initiation or escalation of treatment in patients with RA-ILD. It
remains unclear when treatment for RA-ILD should be initiated to alter the course of the
disease and whether biologic therapy alters the rate of progression of RA-ILD or
outcomes. Therapy for RA-ILD should be individualized to the needs of the patient
based on multidisciplinary evaluation of the severity and progression of their ILD,
articular disease and other manifestations of RA, and comorbidities. HRCT findings may
also be relevant, as inflammatory disease likely responds better to anti-

inflammatory/immunosuppressive therapy than fibrotic disease. We present a proposed
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management algorithm in Table 1. Close collaboration between rheumatologists and
pulmonologists is essential. Quiescent joint disease should not lead rheumatologists to
complacency in the management of ILD as patients may have PPF in the setting of mild

RA.

A decline in lung function, increased fibrosis on HRCT, and/or a worsening of
respiratory symptoms with no other cause are generally considered evidence of PPF
(13,74). A strong case can be made for treating PPF, given its poor prognosis and the
recognition that any loss of lung function from progressive fibrosis is irreversible
(38,48,75). A clinical practice guideline published by ATS/ERS/JRS/ALAT in May 2022
provided criteria for the definition of PPF (13), but these were not based on robust data
and an evidence-based definition has yet to be established. While a UIP pattern on
HRCT has been associated with a worse prognosis in patients with RA-ILD (10,62), this
pattern may not be predictive in the setting of progressive decline in pulmonary function

(58).

Some studies have raised concerns about a link between the use of certain biologics or
disease-modifying antirheumatic drugs (DMARDs) and worsening of RA-ILD, or the
development of hypersensitivity pneumonitis or lung injury (76-78). These studies did
not establish a causal effect but led to unease in using these therapies to treat patients
with RA-ILD. Concerns over lung injury have been greatest for methotrexate. However,
there is evidence to suggest that methotrexate may actually slow the progression of RA-

ILD (79-81). In a retrospective analysis of 40 patients with RA-ILD treated with
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methotrexate, leflunomide and/or azathioprine, FVC improved from 1.47 L to 1.66 L
after 6 months’ follow up (81). A retrospective analysis of 125 patients with RA-ILD
found that use of methotrexate (but not hydroxychloroquine or leflunomide) was
associated with a reduced risk of an absolute decline in FVC % predicted of 10% over a
mean follow-up of 4.3 years (80). A meta-analysis of randomized controlled trials
indicated that leflunomide has no adverse effects on respiratory disease (82). There is
also evidence that the risk of developing ILD may be lower in patients treated with
methotrexate (83,84). A guideline for the treatment of RA published by the American
College of Rheumatology in 2021 included a conditional recommendation for
methotrexate over alternative DMARDs for the treatment of inflammatory arthritis for
patients with mild and stable airway or parenchymal lung disease who have moderate-

to-high disease activity (85).

Observational studies in patients with CTD-ILD provide some evidence to support the
use of mycophenolate and cyclophosphamide (86-89), but there have been no
randomized, double-blind, placebo-controlled trials of these therapies in patients with
RA-ILD. There is no evidence to support a benefit of corticosteroids alone in reducing
progression of RA-ILD. Recent data suggest that for patients with RA-ILD who require
second-line therapy for articular disease after DMARDs have failed, rituximab and
abatacept may be a better choice than anti-TNF agents and may improve or stabilize
ILD in some patients (90-93). There is some evidence to suggest that Janus kinase
(JAK) inhibitors may stabilize or improve lung function in patients with RA-ILD (94,95)

but no placebo-controlled trials have been conducted. In a retrospective analysis of 28
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patients with RA-ILD treated with a JAK inhibitor, FVC % predicted remained stable
(change of £20%) or improved in 89% of patients over a median follow-up of 19 months
(95). A retrospective cohort analysis utilizing claims data from 28,559 patients with RA
found a lower incidence of ILD in patients treated with tofacitinib compared with

adalimumab (96).

Similarities in the pathogenesis and course of disease between IPF and other ILDs led
to the investigation of drugs with efficacy in IPF as potential treatments for other
fibrosing ILDs. The efficacy and safety of pirfenidone were assessed in 123 patients
with RA-ILD in the randomized, placebo-controlled, Phase Il TRAIL1 trial. The trial was
stopped early due to slow recruitment and was underpowered to detect a difference in
the primary endpoint (=10% decline in FVC % predicted or death over 52 weeks), but
the rate of decline in FVC in the pirfenidone group was —66 mL/year compared with
-146 mL/year in the placebo group, a relative reduction of 55% (Figure 3) (97). This
effect was more pronounced in those with a UIP pattern on HRCT, in whom the rate of
decline in FVC was —-43 mL/year in the pirfenidone group compared with —169 mL/year
in the placebo group. The efficacy of pirfenidone as a treatment for ILDs other than IPF

remains unclear and it has not received regulatory approval as a treatment for these

ILDs. The efficacy and safety of nintedanib in 663 patients with fibrosing ILDs other than

IPF that had progressed at any time within the prior 24 months, despite management
deemed appropriate in clinical practice, were investigated in the INBUILD trial (98).
Eighty-nine patients in the trial had RA-ILD. Overall, the rate of decline in FVC over 52

weeks was -80.8 mL/year in the nintedanib group compared with -187.8 mL/year in the
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placebo group, a reduction of 57% (98). The trial was not designed to study patients
with specific ILD diagnoses, but subgroup analyses suggested that nintedanib had a
consistent effect on FVC decline across subgroups based on diagnosis (99,100) (Figure
4) or pattern on HRCT (UIP-like pattern versus other fibrotic patterns) (98,100) and
irrespective of the use of DMARDs and/or glucocorticoids at baseline (101). Nintedanib
has been approved for the treatment of chronic fibrosing ILDs with a progressive
phenotype, as well as for the treatment of IPF and systemic sclerosis-associated ILD, in
several countries including the USA, UK and European Union. Long-term data from the
open-label extension of the INBUILD trial and other trials of nintedanib in patients with
fibrosing ILDs suggest that the efficacy of nintedanib in slowing decline in FVC is

maintained over the long term, but that the disease continues to progress (102-104).

Several randomized trials are investigating the effects of drugs on lung function in
patient populations including those with RA-ILD. These include a randomized open-
label trial of the JAK inhibitor tofacitinib vs methotrexate in patients with pulmonary
abnormalities suggestive of RA-ILD (PULMORA; NCT04311567), single-center
randomized trials of pirfenidone vs glucocorticoid plus an immunosuppressant in
patients with CTD-ILD (NCT05505409) and pirfenidone vs DMARDs in patients with
CTD-ILD (NCT04928586), and a multi-center randomized placebo-controlled trial of the
phosphodiesterase 4B inhibitor Bl 1015550 in patients with progressive fibrosing ILDs
other than IPF (FIBRONEER-ILD; NCT05321082). In addition, the safety of tofacitinib in
patients with RA-ILD is being investigated in an uncontrolled open-label study

(RAILDTo; NCT05246293).
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There has been some interest in the impact of biologic and targeted synthetic DMARDS
used in RA on the incidence and progression of ILD but the data are limited (105,106).
A retrospective study of 28 patients with RA-ILD followed for 30 months on tocilizumab
found that 76% showed stabilization or improvement (105), but these findings would
need confirmation in prospective blinded placebo-controlled trials. There is also interest
in the potential of inhibiting interleukin 6 (IL-6) or other cytokines as a potential
treatment for RA, but no randomized trials of such inhibitors in patients with RA-ILD are

ongoing.

Rheumatologists should co-manage patients with RA-ILD with pulmonologists when
possible. If co-management with a pulmonologist is not possible, rheumatologists
should consider prescribing antifibrotic therapies in patients with PPF, utilizing the well-

established dosing and monitoring guidelines for these agents.

Lung transplant

Guidelines recommend that patients who have severe and progressive RA-ILD that has
not responded to appropriate treatment and who do not have extrapulmonary
contraindications should be considered for lung transplantation (107). Retrospective
data from 10 patients with RA-ILD demonstrated a 1-year post-transplant survival rate
of 67%, similar to the survival rate of 69% in 53 patients with IPF (108). A larger study of

data from 275 patients with ILD associated with CTDs other than systemic sclerosis, of
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whom a quarter had RA-ILD, also found no significant differences in post-transplant

survival between these patients and 6346 patients with IPF (109).

Non-pharmacological therapies

Patients with RA-ILD may benefit from non-pharmacological therapies. Pulmonary
rehabilitation has been shown to improve exercise capacity, dyspnea, and quality of life
in patients with ILD (110). Guidelines issued by the American Thoracic Society
recommend the use of supplemental oxygen in patients with ILD with severe chronic
resting hypoxemia, and ambulatory oxygen in those with severe exertional hypoxemia,
while stressing the importance of education of patients and caregivers on the correct
use of oxygen equipment (111). Patients with RA-ILD may benefit from supportive care
throughout the course of their disease, including information on their disease and its
management, emotional support, and end-of-life care (112). Vaccinations against
influenza, pneumonia and COVID-19, and advice on smoking cessation, should be
provided. Effective communication with patients with RA-ILD is important to improve
patient satisfaction and to enable patients to be active partners in decisions about their

treatment.

Conclusions

ILD is a significant cause of morbidity and mortality in patients with RA. Although
several risk factors for the development of ILD in patients with RA have been
recognized, RA-ILD may develop in patients without these risk factors. Early detection

and regular monitoring of RA-ILD are vital. In patients with RA-ILD, the goals should be
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remission of RA and to halt the progression of the ILD, but in practice, therapeutic
decisions are often difficult. Immunomodulatory therapies are used in most patients with
RA, but their efficacy in slowing the progression of RA-ILD remains unclear. Antifibrotic
therapy has been shown to slow the progression of fibrosing ILD and the antifibrotic
therapy nintedanib has been approved for the treatment of patients with progressive
pulmonary fibrosis due to ILDs, including RA-ILD. The management of patients with RA-
ILD should be based on a multidisciplinary approach, involving at minimum a
rheumatologist and a pulmonologist, and individualized to the needs of the patient.
Questions for future research on the identification, monitoring and management of RA-

ILD are summarized inBox 1.

References

1. Bongartz T, Nannini C, Medina-Velasquez YF, Achenbach SJ, Crowson CS, Ryu
JH, et al. Incidence and mortality of interstitial lung disease in rheumatoid arthritis:
a population-based study. Arthritis Rheum 2010;62:1583-1591.

2. Olson AL, Swigris JJ, Sprunger DB, Fischer A, Fernandez-Perez ER, Solomon J,
et al. Rheumatoid arthritis-interstitial lung disease-associated mortality. Am J
Respir Crit Care Med 2011;183:372-378.

3. Hyldgaard C, Hilberg O, Pedersen AB, Ulrichsen SP, Lgkke A, Bendstrup E, et al.
A population-based cohort study of rheumatoid arthritis-associated interstitial lung

disease: comorbidity and mortality. Ann Rheum Dis 2017;76:1700-1706.

85U8017 SUOLILLOD 3A1IR.ID 3(edldde 8Ly Aq peusenob ase ssjoe YO ‘8sn JOSa|ni o Akeidi 78Ul JUO A8|IM UO (SUONIPUOD-PUR-SLUBYW0D A8 | 1M ARe.q1Bu1|Uo//Sa1Y) SUORIPUOD pue SWe 1 8L} 88S *[£202/20/.2] uo AreiqiTauliuo A8|im ‘B3 0 % Yawo eweyd wieypbu| ebuliyeod Aq 0v9zy 1/e/200T 0T/I0pW00 A8 M AIq Ul juo//sdny wouy pepeojumoq ‘ef ‘50259zE2



10.

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

Raimundo K, Solomon JJ, Olson AL, Kong AM, Cole AL, Fischer A, et al.
Rheumatoid arthritis-interstitial lung disease in the United States: prevalence,
incidence, and healthcare costs and mortality. J Rheumatol 2019;46:360—369.
Sambhouri BF, Vassallo R, Achenbach SJ, Kronzer VL, Davis JM 3rd, Myasoedova
E, etal. The incidence, risk factors, and mortality of clinical and subclinical
rheumatoid arthritis-associated interstitial lung disease: a population-based cohort.
Arthritis Care Res (Hoboken) 2022;74:2042-2049.

Lee HK, Kim DS, Yoo B, Seo JB, Rho JY, Colby TV, Kitaichi M. Histopathologic
pattern and clinical features of rheumatoid arthritis-associated interstitial lung
disease. Chest 2005;127:2019-2027.

Song JW, Lee HK, Lee CK, Chae EJ, Jang SJ, Colby TV, et al. Clinical course and
outcome of rheumatoid arthritis-related usual interstitial pneumonia. Sarcoidosis
Vasc Diffuse Lung Dis 2013;30:103—112.

Hyldgaard C, Ellingsen T, Hilberg O, Bendstrup E. Rheumatoid arthritis-associated
interstitial lung disease: clinical characteristics and predictors of mortality.
Respiration 2019;98:455-460.

Mena-Vazquez N, Rojas-Gimenez M, Romero-Barco CM, Manrique-Arija S,
Francisco E, Aguilar-Hurtado MC, et al. Predictors of progression and mortality in
patients with prevalent rheumatoid arthritis and interstitial lung disease: a

prospective cohort study. J Clin Med 2021;10:874.

85U8017 SUOLILLOD 3A1IR.ID 3(edldde 8Ly Aq peusenob ase ssjoe YO ‘8sn JOSa|ni o Akeidi 78Ul JUO A8|IM UO (SUONIPUOD-PUR-SLUBYW0D A8 | 1M ARe.q1Bu1|Uo//Sa1Y) SUORIPUOD pue SWe 1 8L} 88S *[£202/20/.2] uo AreiqiTauliuo A8|im ‘B3 0 % Yawo eweyd wieypbu| ebuliyeod Aq 0v9zy 1/e/200T 0T/I0pW00 A8 M AIq Ul juo//sdny wouy pepeojumoq ‘ef ‘50259zE2



11.

12.

13.

14.

15.

16.

17.

18.

Zamora-Legoff JA, Krause ML, Crowson CS, Ryu JH, Matteson EL. Progressive
decline of lung function in rheumatoid arthritis-associated interstitial lung disease.
Arthritis Rheumatol 2017;69:542-549.

Jacob J, Hirani N, van Moorsel CHM, Rajagopalan S, Murchison JT, van Es HW,
et al. Predicting outcomes in rheumatoid arthritis related interstitial lung disease.
Eur Respir J 2019;53:1800869.

Raghu G, Remy-Jardin M, Richeldi L, Thomson CC, Inoue Y, Johkoh T, etal.
Idiopathic pulmonary fibrosis (an update) and progressive pulmonary fibrosis in
adults: an official ATS/ERS/JRS/ALAT clinical practice guideline. Am J Respir Crit
Care Med 2022;205:e18-e47.

Habib HM, Eisa AA, Arafat WR, Marie MA. Pulmonary involvement in early
rheumatoid arthritis patients. Clin Rheumatol 2011;30:217-221.

Juge PA, Granger B, Debray MP, Ebstein E, Louis-Sidney F, Kedra J, et al. A risk
score to detect subclinical rheumatoid arthritis-associated interstitial lung disease.
Arthritis Rheumatol 2022;74:1755-1765.

Gochuico BR, Avila NA, Chow CK, Novero LJ, Wu HP, Ren P, et al. Progressive
preclinical interstitial lung disease in rheumatoid arthritis. Arch Intern Med
2008;168:159-166.

Chen J, ShiY, Wang X, Huang H, Ascherman D. Asymptomatic preclinical
rheumatoid arthritis-associated interstitial lung disease. Clin Dev Immunol
2013;2013:406927.

Dawson JK, Fewins HE, Desmond J, Lynch MP, Graham DR. Fibrosing alveolitis

in patients with rheumatoid arthritis as assessed by high resolution computed

85U8017 SUOLILLOD 3A1IR.ID 3(edldde 8Ly Aq peusenob ase ssjoe YO ‘8sn JOSa|ni o Akeidi 78Ul JUO A8|IM UO (SUONIPUOD-PUR-SLUBYW0D A8 | 1M ARe.q1Bu1|Uo//Sa1Y) SUORIPUOD pue SWe 1 8L} 88S *[£202/20/.2] uo AreiqiTauliuo A8|im ‘B3 0 % Yawo eweyd wieypbu| ebuliyeod Aq 0v9zy 1/e/200T 0T/I0pW00 A8 M AIq Ul juo//sdny wouy pepeojumoq ‘ef ‘50259zE2



19.

20.

21.

22.

23.

24.

tomography, chest radiography, and pulmonary function tests. Thorax
2001;56:622—-627.

Mohd Noor N, Mohd Shahrir MS, Shahid MS, Abdul Manap R, Shahizon Azura
AM, Azhar Shah S. Clinical and high resolution computed tomography
characteristics of patients with rheumatoid arthritis lung disease. Int J Rheum Dis
2009;12:136-144.

Wang JX, Du CG. A retrospective study of clinical characteristics of interstitial lung
disease associated with rheumatoid arthritis in Chinese patients. Med Sci Monit
2015;21:708-715.

Zhang Y, Li H, Wu N, Dong X, Zheng Y. Retrospective study of the clinical
characteristics and risk factors of rheumatoid arthritis-associated interstitial lung
disease. Clin Rheumatol 2017;36:817-823

Zrour SH, Touzi M, Bejia |, Golli M, Rouatbi N, Sakly N, et al. Correlations between
high-resolution computed tomography of the chest and clinical function in patients
with rheumatoid arthritis. Prospective study in 75 patients. Joint Bone Spine
2005;72:41-47.

Doyle TJ, Patel AS, Hatabu H, Nishino M, Wu G, Osorio JC, et al. Detection of
rheumatoid arthritis-interstitial lung disease is enhanced by serum biomarkers. Am
J Respir Crit Care Med 2015;191:1403—-1412.

Salaffi F, Carotti M, Di Carlo M, Tardella M, Giovagnoni A. High-resolution
computed tomography of the lung in patients with rheumatoid arthritis: prevalence
of interstitial lung disease involvement and determinants of abnormalities.

Medicine (Baltimore) 2019;98:17088.

85U8017 SUOLILLOD 3A1IR.ID 3(edldde 8Ly Aq peusenob ase ssjoe YO ‘8sn JOSa|ni o Akeidi 78Ul JUO A8|IM UO (SUONIPUOD-PUR-SLUBYW0D A8 | 1M ARe.q1Bu1|Uo//Sa1Y) SUORIPUOD pue SWe 1 8L} 88S *[£202/20/.2] uo AreiqiTauliuo A8|im ‘B3 0 % Yawo eweyd wieypbu| ebuliyeod Aq 0v9zy 1/e/200T 0T/I0pW00 A8 M AIq Ul juo//sdny wouy pepeojumoq ‘ef ‘50259zE2



25.

26.

27.

28.

29.

30.

31.

Gabbay E, Tarala R, Will R, Carroll G, Adler B, Cameron D, Lake FR. Interstitial
lung disease in recent onset rheumatoid arthritis. Am J Respir Crit Care Med
1997;156(2 Pt 1):528-535.

Koduri G, Norton S, Young A, Cox N, Davies P, Devlin J, et al. Interstitial lung
disease has a poor prognosis in rheumatoid arthritis: results from an inception
cohort. Rheumatology (Oxford) 2010;49:1483-1489.

Kelly CA, Saravanan V, Nisar M, Arthanari S, Woodhead FA, Price-Forbes AN, et
al. Rheumatoid arthritis-related interstitial lung disease: associations, prognostic
factors and physiological and radiological characteristics--a large multicentre UK
study. Rheumatology (Oxford) 2014;53:1676—1682.

Juge PA, Lee JS, Ebstein E, Furukawa H, Dobrinskikh E, Gazal S, et al. MUC5B
promoter variant and rheumatoid arthritis with interstitial lung disease. N Engl J
Med 2018;379:2209-2219.

Kronzer VL, Huang W, Dellaripa PF, Huang S, Feathers V, Lu B,et al. Lifestyle and
clinical risk factors for incident rheumatoid arthritis-associated interstitial lung
disease. J Rheumatol 2021;48:656-663.

Sparks JA, He X, Huang J, Fletcher EA, Zaccardelli A, Friedlander HM, et al.
Rheumatoid arthritis disease activity predicting incident clinically apparent
rheumatoid arthritis-associated interstitial lung disease: a prospective cohort study.
Arthritis Rheumatol 2019;71:1472—-1482.

Mohning MP, Amigues |, Demoruelle MK, Fernandez Pérez ER, Huie TJ, Keith
RK, et al. Duration of rheumatoid arthritis and the risk of developing interstitial lung

disease. ERJ Open Res 2021;7:00633-2020.

85U8017 SUOLILLOD 3A1IR.ID 3(edldde 8Ly Aq peusenob ase ssjoe YO ‘8sn JOSa|ni o Akeidi 78Ul JUO A8|IM UO (SUONIPUOD-PUR-SLUBYW0D A8 | 1M ARe.q1Bu1|Uo//Sa1Y) SUORIPUOD pue SWe 1 8L} 88S *[£202/20/.2] uo AreiqiTauliuo A8|im ‘B3 0 % Yawo eweyd wieypbu| ebuliyeod Aq 0v9zy 1/e/200T 0T/I0pW00 A8 M AIq Ul juo//sdny wouy pepeojumoq ‘ef ‘50259zE2



32.

33.

34.

35.

36.

37.

38.

Rojas-Serrano J, Mejia M, Rivera-Matias PA, Herrera-Bringas D, Pérez-Roman DI,
Pérez-Dorame R, et al. Rheumatoid arthritis-related interstitial lung disease (RA-
ILD): a possible association between disease activity and prognosis. Clin
Rheumatol 2022;41:1741-1747.

Wheeler AM, Baker JF, Poole JA, Ascherman DP, Yang Y, Kerr GS et al. Genetic,
social, and environmental risk factors in rheumatoid arthritis-associated interstitial
lung disease. Semin Arthritis Rheum 2022;57:152098.

Tanaka N, Kim JS, Newell JD, Brown KK, Cool CD, Meehan R, et al. Rheumatoid
arthritis-related lung diseases: CT findings. Radiology 2004;232:81-91.

Nurmi HM, Kettunen HP, Suoranta SK, Purokivi MK, Karkkainen MS, Selander TA,
et al. Several high-resolution computed tomography findings associate with
survival and clinical features in rheumatoid arthritis-associated interstitial lung
disease. Respir Med 2018;134:24-30.

Assayag D, Elicker BM, Urbania TH, Colby TV, Kang BH, Ryu JH, et al.
Rheumatoid arthritis-associated interstitial lung disease: radiologic identification of
usual interstitial pneumonia pattern. Radiology 2014;270:583-588.

Cano-Jiménez E, Vazquez Rodriguez T, Martin-Robles |, Castillo Villegas D, Juan
Garcia J, Bollo de Miguel E, et al. Diagnostic delay of associated interstitial lung
disease increases mortality in rheumatoid arthritis. Sci Rep 2021;11:9184.
Bendstrup E, et al. Interstitial lung disease in rheumatoid arthritis remains a

challenge for clinicians. J Clin Med 2019;8:2038.

85U8017 SUOLILLOD 3A1IR.ID 3(edldde 8Ly Aq peusenob ase ssjoe YO ‘8sn JOSa|ni o Akeidi 78Ul JUO A8|IM UO (SUONIPUOD-PUR-SLUBYW0D A8 | 1M ARe.q1Bu1|Uo//Sa1Y) SUORIPUOD pue SWe 1 8L} 88S *[£202/20/.2] uo AreiqiTauliuo A8|im ‘B3 0 % Yawo eweyd wieypbu| ebuliyeod Aq 0v9zy 1/e/200T 0T/I0pW00 A8 M AIq Ul juo//sdny wouy pepeojumoq ‘ef ‘50259zE2



39.

40.

41.

42.

43.

44,

45.

Kanat F, Levendoglu F, Teke T. Radiological and functional assessment of
pulmonary involvement in the rheumatoid arthritis patients. Rheumatol Int
2007;27:459-466.

Kawano-Dourado L, Doyle TJ, Bonfiglioli K, Sawamura MVY, Nakagawa RH,
Arimura FE, et al. Baseline characteristics and progression of a spectrum of
interstitial lung abnormalities and disease in rheumatoid arthritis. Chest
2020;158:1546—-1554.

Solomon JJ, Swigris JJ, Kreuter M, Polke M, Aronson K, Hoffmann-Vold AM, et al.
The attitudes and practices of physicians caring for patients with rheumatoid
arthritis-interstitial lung disease: an international survey. Rheumatology (Oxford)
2022;61:1459-1467.

Bilgici A, Ulusoy H, Kuru O, Celenk C, Unsal M, Danaci M. Pulmonary involvement
in rheumatoid arthritis. Rheumatol Int 2005;25:429-435.

Chang SH, Lee JS, Ha YJ, Kim MU, Park CH, Lee JS, et al. Lung function
trajectory of rheumatoid arthritis-associated interstitial lung disease. Rheumatology
(Oxford) 2023:kead027.

Moazedi-Fuerst FC, Kielhauser SM, Scheidl S, Tripolt NJ, Lutfi A, Yazdani-Biuki B,
et al. Ultrasound screening for interstitial lung disease in rheumatoid arthritis. Clin
Exp Rheumatol 2014;32:199-203.

Mena-Vazquez N, Jimenez-Nufiez FG, Godoy-Navarrete FJ, Manrique-Arija S,
Aguilar-Hurtado MC, Romero-Barco CM, et al. Utility of pulmonary ultrasound to
identify interstitial lung disease in patients with rheumatoid arthritis. Clin

Rheumatol 2021;40:2377-2385.

85U8017 SUOLILLOD 3A1IR.ID 3(edldde 8Ly Aq peusenob ase ssjoe YO ‘8sn JOSa|ni o Akeidi 78Ul JUO A8|IM UO (SUONIPUOD-PUR-SLUBYW0D A8 | 1M ARe.q1Bu1|Uo//Sa1Y) SUORIPUOD pue SWe 1 8L} 88S *[£202/20/.2] uo AreiqiTauliuo A8|im ‘B3 0 % Yawo eweyd wieypbu| ebuliyeod Aq 0v9zy 1/e/200T 0T/I0pW00 A8 M AIq Ul juo//sdny wouy pepeojumoq ‘ef ‘50259zE2



46.

47.

48.

49.

50.

51.

52.

Gutierrez M, Ruta S, Clavijo-Cornejo D, Fuentes-Moreno G, Reyes-Long S,
Bertolazzi C. The emerging role of ultrasound in detecting interstitial lung disease
in patients with rheumatoid arthritis. Joint Bone Spine 2022;89:105407.

Wang Y, Chen S, Zheng S, LinJ, Hu S, Zhuang J, et al. The role of lung
ultrasound B-lines and serum KL-6 in the screening and follow-up of rheumatoid
arthritis patients for an identification of interstitial lung disease: review of the
literature, proposal for a preliminary algorithm, and clinical application to cases.
Arthritis Res Ther 2021;23:212.

England BR, Hershberger D. Management issues in rheumatoid arthritis-
associated interstitial lung disease. Curr Opin Rheumatol 2020;32:255-263.
Paulin F, Doyle TJ, Mercado JF, Fassola L, Fernandez M, Caro F, Alberti ML, et
al. Development of a risk indicator score for the identification of interstitial lung
disease in patients with rheumatoid arthritis. Reumatol Clin 2021;17:207-211.
Xue J, Hu W, Wu S, Wang J, Chi S, Liu X. Development of a risk nomogram
model for identifying interstitial lung disease in patients with rheumatoid arthritis.
Front Immunol 2022;13:823669.

Narvaez J, Aburto M, Seoane-Mato D, Bonilla G, Acosta O, Candelas G, et al.
Screening criteria for interstitial lung disease associated to rheumatoid arthritis:
Expert proposal based on Delphi methodology. Reumatol Clin (Engl Ed)
2022:S2173-5743(22)00095-8.

Manfredi A, Cassone G, Cerri S, Venerito V, Fedele AL, Trevisani M, Furini F, et
al. Diagnostic accuracy of a velcro sound detector (VECTOR) for interstitial lung

disease in rheumatoid arthritis patients: the INSPIRAtE validation study (INterStitial

85U8017 SUOLILLOD 3A1IR.ID 3(edldde 8Ly Aq peusenob ase ssjoe YO ‘8sn JOSa|ni o Akeidi 78Ul JUO A8|IM UO (SUONIPUOD-PUR-SLUBYW0D A8 | 1M ARe.q1Bu1|Uo//Sa1Y) SUORIPUOD pue SWe 1 8L} 88S *[£202/20/.2] uo AreiqiTauliuo A8|im ‘B3 0 % Yawo eweyd wieypbu| ebuliyeod Aq 0v9zy 1/e/200T 0T/I0pW00 A8 M AIq Ul juo//sdny wouy pepeojumoq ‘ef ‘50259zE2



53.

54.

55.

56.

57.

58.

pneumonia in rheumatoid ArThritis with an electronic device). BMC Pulm Med
2019;19:111.

Kelly CA, Nisar M, Arthanari S, Carty S, Woodhead FA, Price-Forbes A, et al.
Rheumatoid arthritis related interstitial lung disease - improving outcomes over 25
years: a large multicentre UK study. Rheumatology (Oxford) 2021;60:1882—1890.
Sparks JA, Jin Y, Cho SK, Vine S, Desai R, Doyle TJ, et al. Prevalence, incidence
and cause-specific mortality of rheumatoid arthritis-associated interstitial lung
disease among older rheumatoid arthritis patients. Rheumatology (Oxford)
2021;60:3689-3698.

Kim EJ, Elicker BM, Maldonado F, Webb WR, Ryu JH, Van Uden JH, et al. Usual
interstitial pneumonia in rheumatoid arthritis-associated interstitial lung disease.
Eur Respir J 2010;35:1322—-1328.

Solomon JJ, Ryu JH, Tazelaar HD, Myers JL, Tuder R, Cool CD, et al. Fibrosing
interstitial pneumonia predicts survival in patients with rheumatoid arthritis-
associated interstitial lung disease (RA-ILD). Respir Med 2013;107:1247-1252.
Assayag D, Lubin M, Lee JS, King TE, Collard HR, Ryerson CJ. Predictors of
mortality in rheumatoid arthritis-related interstitial lung disease. Respirology
2014;19:493-500.

Solomon JJ, Chung JH, Cosgrove GP, Demoruelle MK, Fernandez-Perez ER,
Fischer A, et al. Predictors of mortality in rheumatoid arthritis-associated interstitial

lung disease. Eur Respir J 2016;47:588-596.

85U8017 SUOLILLOD 3A1IR.ID 3(edldde 8Ly Aq peusenob ase ssjoe YO ‘8sn JOSa|ni o Akeidi 78Ul JUO A8|IM UO (SUONIPUOD-PUR-SLUBYW0D A8 | 1M ARe.q1Bu1|Uo//Sa1Y) SUORIPUOD pue SWe 1 8L} 88S *[£202/20/.2] uo AreiqiTauliuo A8|im ‘B3 0 % Yawo eweyd wieypbu| ebuliyeod Aq 0v9zy 1/e/200T 0T/I0pW00 A8 M AIq Ul juo//sdny wouy pepeojumoq ‘ef ‘50259zE2



59.

60.

61.

62.

63.

64.

65.

Dawson JK, Fewins HE, Desmond J, Lynch MP, Graham DR. Predictors of
progression of HRCT diagnosed fibrosing alveolitis in patients with rheumatoid
arthritis. Ann Rheum Dis 2002;61:517-521.

Sathi N, Urwin T, Desmond S, Dawson JK. Patients with limited rheumatoid
arthritis-related interstitial lung disease have a better prognosis than those with
extensive disease. Rheumatology (Oxford) 2011;50:620.

Tsuchiya Y, Takayanagi N, Sugiura H, Miyahara Y, Tokunaga D, Kawabata Y, et
al. Lung diseases directly associated with rheumatoid arthritis and their
relationship to outcome Eur Respir J 2011;37:1411-1417.

Singh N, Varghese J, England BR, Solomon JJ, Michaud K, Mikuls TR, et al.

Impact of the pattern of interstitial lung disease on mortality in rheumatoid arthritis:

a systematic literature review and meta-analysis. Semin Arthritis Rheum
2019;49:358-365.

Avouac J, Cauvet A, Steelandt A, Shirai Y, Elhai M, Kuwana M, et al. Improving
risk-stratification of rheumatoid arthritis patients for interstitial lung disease. PLoS
One 2020;15:€0232978.

Kim HC, Choi KH, Jacob J, Song JW. Prognostic role of blood KL-6 in rheumatoid
arthritis-associated interstitial lung disease. PLoS One 2020;15:€0229997.
Morisset J, Vittinghoff E, Lee BY, Tonelli R, Hu X, Elicker BM, et al. The
performance of the GAP model in patients with rheumatoid arthritis associated

interstitial lung disease. Respir Med 2017;127:51-56.

85U8017 SUOLILLOD 3A1IR.ID 3(edldde 8Ly Aq peusenob ase ssjoe YO ‘8sn JOSa|ni o Akeidi 78Ul JUO A8|IM UO (SUONIPUOD-PUR-SLUBYW0D A8 | 1M ARe.q1Bu1|Uo//Sa1Y) SUORIPUOD pue SWe 1 8L} 88S *[£202/20/.2] uo AreiqiTauliuo A8|im ‘B3 0 % Yawo eweyd wieypbu| ebuliyeod Aq 0v9zy 1/e/200T 0T/I0pW00 A8 M AIq Ul juo//sdny wouy pepeojumoq ‘ef ‘50259zE2



66.

67.

68.

69.

70.

71.

72.

Kim HC, Lee JS, Lee EY, Ha YJ, Chae EJ, Han M, et al. Risk prediction model in
rheumatoid arthritis-associated interstitial lung disease. Respirology
2020;25:1257-1264.

Jacob J, Bartholmai BJ, Rajagopalan S, Brun AL, Egashira R, Karwoski R, et al.
Evaluation of computer-based computer tomography stratification against outcome
models in connective tissue disease-related interstitial lung disease: a patient
outcome study. BMC Med 2016;14:190.

Crews MS, Bartholmai BJ, Adegunsoye A, Oldham JM, Montner SM, Karwoski
RA, et al. Automated CT analysis of major forms of interstitial lung disease. J Clin
Med 2020;9:3776.

Goldin JG, Kim GHJ, Tseng CH, Volkmann E, Furst D, Clements P, et al.
Longitudinal changes in quantitative interstitial lung disease on computed
tomography after immunosuppression in the Scleroderma Lung Study Il. Ann Am
Thorac Soc 2018;15:1286—-1295.

Alevizos MK, Danoff SK, Pappas DA, Lederer DJ, Johnson C, Hoffman EA, et al.
Assessing predictors of rheumatoid arthritis-associated interstitial lung disease
using quantitative lung densitometry. Rheumatology (Oxford) 2022;61:2792-2804.
Cottin V, Hansell DM, Sverzellati N, Weycker D, Antoniou KM, Atwood M, et al.
Effect of emphysema extent on serial lung function in patients with idiopathic
pulmonary fibrosis. Am J Respir Crit Care Med 2017;196:1162-1171.

Narvaez J, Diaz del Campo Fontecha P, Brito Garcia N, Bonilla G, Aburto M,

Castellvi |, et al. SER-SEPAR recommendations for the management of diffuse

85U8017 SUOLILLOD 3A1IR.ID 3(edldde 8Ly Aq peusenob ase ssjoe YO ‘8sn JOSa|ni o Akeidi 78Ul JUO A8|IM UO (SUONIPUOD-PUR-SLUBYW0D A8 | 1M ARe.q1Bu1|Uo//Sa1Y) SUORIPUOD pue SWe 1 8L} 88S *[£202/20/.2] uo AreiqiTauliuo A8|im ‘B3 0 % Yawo eweyd wieypbu| ebuliyeod Aq 0v9zy 1/e/200T 0T/I0pW00 A8 M AIq Ul juo//sdny wouy pepeojumoq ‘ef ‘50259zE2



73.

74.

75.

76.

77.

78.

interstitial lung disease associated with rheumatoid arthritis. Part 2: treatment.
Reumatol Clin (Engl Ed) 2022:5S2173-5743(22)00125-3.

Yu KH, Chen HH, Cheng TT, Jan YJ, Weng MY, Lin YJ, et al. Consensus
recommendations on managing the selected comorbidities including
cardiovascular disease, osteoporosis, and interstitial lung disease in rheumatoid
arthritis. Medicine (Baltimore) 2022;101:28501

George PM, Spagnolo P, Kreuter M, Altinisik G, Bonifazi M, Martinez FJ, et al.
Progressive fibrosing interstitial lung disease: clinical uncertainties, consensus
recommendations, and research priorities. Lancet Respir Med 2020;8:925-934.
Huang S, Kronzer VL, Dellaripa PF, Deane KD, Bolster MB, Nagaraja V, et al.
Rheumatoid arthritis-associated interstitial lung disease: current update on
prevalence, risk factors, and pharmacologic treatment. Curr Treatm Opt

Rheumatol 2020;6:337-353.

Conway R, Low C, Coughlan RJ, O'Donnell MJ, Carey JJ. Methotrexate and lung

disease in rheumatoid arthritis: a meta-analysis of randomized controlled trials.
Arthritis Rheumatol 2014;66:803—812.

Roubille C, Haraoui B. Interstitial lung diseases induced or exacerbated by
DMARDSs and biologic agents in rheumatoid arthritis: a systematic literature

review. Semin Arthritis Rheum 2014;43:613—-626.

Fragoulis GE, Conway R, Nikiphorou E. Methotrexate and interstitial lung disease:

controversies and questions. A narrative review of the literature. Rheumatology

(Oxford) 2019;58:1900-1906.

85U8017 SUOLILLOD 3A1IR.ID 3(edldde 8Ly Aq peusenob ase ssjoe YO ‘8sn JOSa|ni o Akeidi 78Ul JUO A8|IM UO (SUONIPUOD-PUR-SLUBYW0D A8 | 1M ARe.q1Bu1|Uo//Sa1Y) SUORIPUOD pue SWe 1 8L} 88S *[£202/20/.2] uo AreiqiTauliuo A8|im ‘B3 0 % Yawo eweyd wieypbu| ebuliyeod Aq 0v9zy 1/e/200T 0T/I0pW00 A8 M AIq Ul juo//sdny wouy pepeojumoq ‘ef ‘50259zE2



79.

80.

81.

82.

83.

84.

Rojas-Serrano J, Herrera-Bringas D, Pérez-Roman DI, Pérez-Dorame R, Mateos-
Toledo H, Mejia M. Rheumatoid arthritis-related interstitial lung disease (RA-ILD):
methotrexate and the severity of lung disease are associated to prognosis. Clin
Rheumatol 2017;36:1493-1500.

Kim K, Woo A, Park Y, Yong SH, Lee SH, Lee SH, et al. Protective effect of
methotrexate on lung function and mortality in rheumatoid arthritis-related
interstitial lung disease: a retrospective cohort study. Ther Adv Respir Dis
2022;16:17534666221135314.

Rojas-Serrano J, Gonzalez-Velasquez E, Mejia M, Sanchez-Rodriguez A, Carrillo
G. Interstitial lung disease related to rheumatoid arthritis: evolution after treatment.
Reumatol Clin 2012;8:68-71.

Conway R, Low C, Coughlan RJ, O'Donnell MJ, Carey JJ. Leflunomide use and
risk of lung disease in rheumatoid arthritis: a systematic literature review and meta
analysis of randomized controlled trials. J Rheumatol 2016;43:855-860.

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

Juge PA, Lee JS, Lau J, Kawano-Dourado L, Rojas Serrano J, Sebastiani M, et al.
Methotrexate and rheumatoid arthritis associated interstitial lung disease. Eur

Respir J 2021;57:2000337.

85U8017 SUOLILLOD 3A1IR.ID 3(edldde 8Ly Aq peusenob ase ssjoe YO ‘8sn JOSa|ni o Akeidi 78Ul JUO A8|IM UO (SUONIPUOD-PUR-SLUBYW0D A8 | 1M ARe.q1Bu1|Uo//Sa1Y) SUORIPUOD pue SWe 1 8L} 88S *[£202/20/.2] uo AreiqiTauliuo A8|im ‘B3 0 % Yawo eweyd wieypbu| ebuliyeod Aq 0v9zy 1/e/200T 0T/I0pW00 A8 M AIq Ul juo//sdny wouy pepeojumoq ‘ef ‘50259zE2



85.

86.

87.

88.

89.

90.

91.

Fraenkel L, Bathon JM, England BR, St Clair EW, Arayssi T, Carandang K, et al.
2021 American College of Rheumatology guideline for the treatment of rheumatoid
arthritis. Arthritis Rheumatol 2021;73:1108-1123.

Swigris JJ, Olson AL, Fischer A, Lynch DA, Cosgrove GP, Frankel SK, et al.
Mycophenolate mofetil is safe, well tolerated, and preserves lung function in
patients with connective tissue disease-related interstitial lung disease. Chest
2006;130:30-36.

Fischer A, Brown KK, Du Bois RM, Frankel SK, Cosgrove GP, Fernandez-Perez
ER, et al. Mycophenolate mofetil improves lung function in connective tissue
disease-associated interstitial lung disease. J Rheumatol 2013;40:640-646.
Oldham JM, Lee C, Valenzi E, Witt LJ, Adegunsoye A, Hsu S, et al. Azathioprine
response in patients with fibrotic connective tissue disease-associated interstitial
lung disease. Respir Med 2016;121:117-122.

Barnes H, Holland AE, Westall GP, Goh NS, Glaspole IN. Cyclophosphamide for
connective tissue disease-associated interstitial lung disease. Cochrane Database
Syst Rev 2018;1:CD010908.

Narvaez J, Robles-Pérez A, Molina-Molina M, Vicens-Zygmunt V, Luburich P,
Yanez MA, et al. Real-world clinical effectiveness of rituximab rescue therapy in
patients with progressive rheumatoid arthritis-related interstitial lung disease.
Semin Arthritis Rheum 2020;50:902—-910.

Fernandez-Diaz C, Castafieda S, Melero-Gonzalez RB, Ortiz-Sanjuan F, Juan-

Mas A, Carrasco-Cubero C, et al. Abatacept in interstitial lung disease associated

B5U80| SUOWILIOD BAIRRID 3[qed(dde U Aq pauieAob 812 SOILE WO 188N J0 S3|N. 10} ARRIGIT SUIIUO AB]IAM UO (SUOTIPUOD-PUE-SLLBYLIOO" S| IMA 1G] [BUIIUO//ST1L) SUONIPUOD) PUE SWL L 3U) 205 *[£202/20/42] U0 ArIGIT2UIIUO AB11M B3 00 7 YAWS BULRUG WieypBu| JeBuLIyeog Aq 0Y9ZY Me/Z00T OT/I0p/W0D" A8 1M A RIq[oUIIUO//STY LA Papeolumoq ‘el ‘50259262



92.

93.

94.

95.

96.

97.

with rheumatoid arthritis: national multicenter study of 263 patients. Rheumatology
(Oxford) 2020;59:3906—-3916.

Tardella M, Di Carlo M, Carotti M, Ceccarelli L, Giovagnoni A, Salaffi F. Abatacept
in rheumatoid arthritis-associated interstitial lung disease: short-term outcomes
and predictors of progression. Clin Rheumatol 2021;40:4861—-4867.
Vicente-Rabaneda EF, Atienza-Mateo B, Blanco R, Cavagna L, Ancochea J,
Castaneda S, et al. Efficacy and safety of abatacept in interstitial lung disease of
rheumatoid arthritis: a systematic literature review. Autoimmun Rev
2021;20:102830.

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;30:705-712.
Venerito V, Manfredi A, Carletto A, Gentileschi S, Atzeni F, Guiducci S, et al.
Evolution of rheumatoid-arthritis-associated interstitial lung disease in patients
treated with JAK inhibitors: a retrospective exploratory study. J Clin Med
2023;12:957.

Baker MC, Liu Y, Lu R, Lin J, Melehani J, Robinson WH. Incidence of interstitial
lung disease in patients with rheumatoid arthritis treated with biologic and targeted
synthetic disease-modifying antirheumatic drugs. JAMA Netw Open
2023;6:€233640.

Solomon JJ, Danoff SK, Woodhead FA, Hurwitz S, Maurer R, Glaspole |, et al.

Safety, tolerability, and efficacy of pirfenidone in patients with rheumatoid arthritis-

85U8017 SUOLILLOD 3A1IR.ID 3(edldde 8Ly Aq peusenob ase ssjoe YO ‘8sn JOSa|ni o Akeidi 78Ul JUO A8|IM UO (SUONIPUOD-PUR-SLUBYW0D A8 | 1M ARe.q1Bu1|Uo//Sa1Y) SUORIPUOD pue SWe 1 8L} 88S *[£202/20/.2] uo AreiqiTauliuo A8|im ‘B3 0 % Yawo eweyd wieypbu| ebuliyeod Aq 0v9zy 1/e/200T 0T/I0pW00 A8 M AIq Ul juo//sdny wouy pepeojumoq ‘ef ‘50259zE2



98.

99.

100.

101.

102.

103.

associated interstitial lung disease: a randomised, double-blind, placebo-
controlled, phase 2 study. Lancet Respir Med 2022:5S2213-2600(22)00260-0.
Flaherty KR, Wells AU, Cottin V, Devaraj A, Walsh SLF, Inoue Y, et al. Nintedanib
in progressive fibrosing interstitial lung diseases. N Engl J Med 2019;381:1718—
1727.

Wells AU, Flaherty KR, Brown KK, Inoue Y, Devaraj A, Richeldi L, et al. Nintedanib
in patients with progressive fibrosing interstitial lung diseases-subgroup analyses
by interstitial lung disease diagnosis in the INBUILD trial: a randomised, double-
blind, placebo-controlled, parallel-group trial. Lancet Respir Med 2020;8:453—-460.
Matteson EL, Kelly C, Distler JHW, Hoffmann-Vold AM, Seibold JR, Mittoo S, et al.
Nintedanib in patients with autoimmune disease-related progressive fibrosing
interstitial lung diseases: subgroup analysis of the INBUILD trial. Arthritis
Rheumatol 2022;74:1039-1047.

Cottin V, Richeldi L, Rosas |, Otaola M, Song JW, Tomassetti S, et al. Nintedanib

and immunomodulatory therapies in progressive fibrosing interstitial lung diseases.

Respir Res 2021;22:84.

Crestani B, Huggins JT, Kaye M, Costabel U, Glaspole |, Ogura T, et al. Long-term
safety and tolerability of nintedanib in patients with idiopathic pulmonary fibrosis:
results from the open-label extension study, INPULSIS-ON. Lancet Respir Med
2019;7:60-68.

Wuyts WA, Bonella F, Chaudhuri N, Varone F, Antin-Ozerkis D, Mueller H et al.
Continued nintedanib treatment in patients with progressive fibrosing ILDs: interim

analysis of INBUILD-ON. Poster presented at European Respiratory Society

B5U80| SUOWILIOD BAIRRID 3[qed(dde U Aq pauieAob 812 SOILE WO 188N J0 S3|N. 10} ARRIGIT SUIIUO AB]IAM UO (SUOTIPUOD-PUE-SLLBYLIOO" S| IMA 1G] [BUIIUO//ST1L) SUONIPUOD) PUE SWL L 3U) 205 *[£202/20/42] U0 ArIGIT2UIIUO AB11M B3 00 7 YAWS BULRUG WieypBu| JeBuLIyeog Aq 0Y9ZY Me/Z00T OT/I0p/W0D" A8 1M A RIq[oUIIUO//STY LA Papeolumoq ‘el ‘50259262



104.

105.

106.

107.

108.

109.

International Congress, 2022. Available at:
https://www.globalmedcomms.com/respiratory/ERS2022/

Allanore Y, Vonk MC, Distler O, Azuma A, Mayes MD, Gahlemann M, et al.
Continued treatment with nintedanib in patients with systemic sclerosis-associated
interstitial lung disease: data from SENSCIS-ON. Ann Rheum Dis 2022;81:1722-
1729.

Manfredi A, Cassone G, Furini F, Gremese E, Venerito V, Atzeni F, etal.
Tocilizumab therapy in rheumatoid arthritis with interstitial lung disease: a
multicentre retrospective study. Intern Med J 2020;50:1085-1090.
Fernandez-Diaz C, Narvaez-Garcia J, Martin-Lépez M, Rubio-Mufoz P,
Castafeda-Sanz S, Vegas-Revenga N, et al. Interstitial lung disease and
rheumatoid arthritis. Multicenter study with tocilizumab. Ann Rheum Dis
2017;76:251-252.

Leard LE, Holm AM, Valapour M, Glanville AR, Attawar S, Aversa M, et al.
Consensus document for the selection of lung transplant candidates: an update
from the International Society for Heart and Lung Transplantation. J Heart Lung
Transplant 2021;40:1349-1379.

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;33:514-520.

Courtwright AM, EI-Chemaly S, Dellaripa PF, Goldberg HJ. Survival and outcomes
after lung transplantation for non-scleroderma connective tissue-related interstitial

lung disease. J Heart Lung Transplant 2017;36:763—769.

85U8017 SUOLILLOD 3A1IR.ID 3(edldde 8Ly Aq peusenob ase ssjoe YO ‘8sn JOSa|ni o Akeidi 78Ul JUO A8|IM UO (SUONIPUOD-PUR-SLUBYW0D A8 | 1M ARe.q1Bu1|Uo//Sa1Y) SUORIPUOD pue SWe 1 8L} 88S *[£202/20/.2] uo AreiqiTauliuo A8|im ‘B3 0 % Yawo eweyd wieypbu| ebuliyeod Aq 0v9zy 1/e/200T 0T/I0pW00 A8 M AIq Ul juo//sdny wouy pepeojumoq ‘ef ‘50259zE2



110.

111.

112.

Holland AE, Dowman LM, Hill CJ. Principles of rehabilitation and reactivation:
interstitial lung disease, sarcoidosis and rheumatoid disease with respiratory
involvement. Respiration 2015;89:89-99.

Jacobs SS, Krishnan JA, Lederer DJ, Ghazipura M, Hossain T, Tan AM, et al.
Home oxygen therapy for adults with chronic lung disease. An official American
Thoracic Society clinical practice guideline. Am J Respir Crit Care Med
2020;202:e121—e141.

Wijsenbeek MS, Holland AE, Swigris JJ, Renzoni EA. Comprehensive supportive
care for patients with fibrosing interstitial lung disease. Am J Respir Crit Care Med

2019;200:152-159.

85U8017 SUOLILLOD 3A1IR.ID 3(edldde 8Ly Aq peusenob ase ssjoe YO ‘8sn JOSa|ni o Akeidi 78Ul JUO A8|IM UO (SUONIPUOD-PUR-SLUBYW0D A8 | 1M ARe.q1Bu1|Uo//Sa1Y) SUORIPUOD pue SWe 1 8L} 88S *[£202/20/.2] uo AreiqiTauliuo A8|im ‘B3 0 % Yawo eweyd wieypbu| ebuliyeod Aq 0v9zy 1/e/200T 0T/I0pW00 A8 M AIq Ul juo//sdny wouy pepeojumoq ‘ef ‘50259zE2



FIGURE LEGENDS

Figure 1. Clinical course of RA-ILD in the 24 months after RA-ILD diagnosis (9).

Figure 2. Survival in patients with RA-ILD and a matched RA cohort without ILD.
Adapted by permission from BMJ Publishing Group Limited (Ann Rheum Dis, Hyldgaard

et al, Volume 76, Page 1700-1706, Copyright (2017)) (3).

Figure 3. Estimated rate of change in FVC (mL) with pirfenidone and placebo over 52

weeks in patients with RA-ILD in the TRAIL1 trial (97).

Figure 4. Rate of decline in FVC (mL/year) over 52 weeks in patients with progressive
fibrosing ILDs treated with nintedanib versus placebo in subgroups by ILD diagnosis in
the INBUILD trial. Reprinted from Lancet Respir Med, Volume 8, Wells AU et al,
Nintedanib in patients with progressive fibrosing interstitial lung diseases—subgroup
analyses by interstitial lung disease diagnosis in the INBUILD trial: a randomised,
double-blind, placebo-controlled, parallel-group trial, Pages 453-460, Copyright (2020),

with permission from Elsevier (99).
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Table 1: Proposed management of RA-ILD

Initial Further Monitoring Considerations for all
management management patients with RA-ILD
Asymptoma | - Smoking Wait and watch Bi-annual PFTs | - Minimize risk
tic cessation
- Control RA - For worsening of
activity symptoms or HRCT,
Mild (<10% - Walk oximetry If progressing: - Clinical consider infection (e.g.,
fibrosis on - Smoking 1.NSIP: assessment PJP due to
HRCT) cessation DMARDs, - Review immunosuppression) or
- Control RA steroids medications drug-related toxicity
activity 2.UIP: consider | - Address RA
- Wait and watch antifibrotic activity - Use alternative DMARD
therapies and | - Bi-annual or biologic where
medications PFTs possible in severe or
for RA activity | - HRCT if progressive disease
worsening
clinically or on | - Look for and treat
PFTs comorbidities such as
Moderate - Walk oximetry, - Use - Clinical reflux and OSA
(10-25% nocturnal alternative assessment
fibrosis on oximetry DMARD or - HRCT for - For a disproportionate
HRCT) - Control RA biologic where stability decline in DLco,
activity possible if - PFTs every 3 consider pulmonary
- Review progressing or 6 months arterial hypertension
DMARDs. - Refer for lung for at least 1—
Other therapies: transplant 2 years; - Stay up to date with
1. NSIP: evaluation thereatfter, vaccines including
consider monitoring influenza and
steroids, depends on pneumococcal
MMF, ILD severity
abatacept, and - Consider community
or rituximab progression palliative care
2. UIP:
consider
antifibrotic
therapies
and
medications
for RA
activity
Severe - Walk oximetry, Refer for lung PFTs every 3-6
(>25% nocturnal transplant months for at
fibrosis on oximetry evaluation least 1-2 years;
HRCT) or - Therapies: thereatter,
rapidly 1. NSIP: monitoring
progressing consider depends on ILD
steroids, sewverity
MMF,
abatacept,
or rituximab
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2. UIP:
antifibrotic
therapies

- Look for and
treat
opportunistic
infections

DLco = diffusing capacity of the lungs for carbon monoxide. DMARDs = disease-modifying anti-rheumatic

drugs. HRCT= high-resolution computed tomography. NSIP = non-specific interstitial pneumonia. OSA =
obstructive sleep apnea. MMF = mycophenolate mofetil. PJP= Pneumocystis jirovecii pneumonia. PFTs =

pulmonary function tests. UIP = usual interstitial pneumonia.
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Box 1. Research questions in the identification, monitoring and management of RA-ILD.

Identification of RA-ILD
o Whatis the risk of ILD in patients with RA and specific combinations of risk factors?

* Which patients with RA and no respiratory symptoms should be screened for ILD using

HRCT? How often should HRCT be repeated in these patients?

 Whatare the prognostic implications of “sub-clinical” RA-ILD?

Monitoring RA-ILD
o Whatis the natural history of RA-ILD?
* How often should patients with RA-ILD have repeat PFTs and HRCT?

* Do quantitative CT techniques have a role to play in monitoring the progression of RA-

ILD?
* |s exercise testing useful in monitoring patients with RA-ILD?
« \What criteria should be used to identify patients with PPF associated with RA-ILD?

 Whatare the most important risk factors (clinical, radiological, blood-based) for

progression of RA-ILD?

Management of RA-ILD

e Are immunomodulatory therapies effective in slowing the progression of fibrosing RA-ILD?

Which are most effective?
« \Which patients with PPF associated with RA-ILD should receive antifibrotic therapy?

* How should treatment response versus treatment failure be defined in patients with PPF
associated with RA-ILD?

 How long should treatment for RA-ILD be continued in patients with apparently stable

disease?

* How should dyspnea and cough in patients with RA-ILD be managed?

* \When should patients with PPF associated with RA-ILD be evaluated for lung transplant?

CT, computed tomography; HRCT, high-resolution computed tomography; ILD, interstitial lung disease; PFTs,
pulmonary function tests; PPF, progressive pulmonary fibrosis; RA, rheumatoid arthritis; RA-ILD, rheumatoid
arthritis-associated ILD.
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Relative FVC decline 25 and <10% and worsened radiological appearance
Relative FVC decline 25 and <10% and worsened symptoms

Clinical characteristics of progressive disease'

Death from
respiratory cause

Progressive Stable or
fibrosing improved
RA-ILD*

(52%)

Relative FVC decline
=10% or relative DLco
decline 215%

Accepted Article

*Relative decline in FVC 210%, relative decline in DLco 215%, or worsened symptoms or radiological appearance accompanied by relative decline in FVC 25 to
TLung transplant or oxygen therapy and severely impaired DLco but insufficient pulmonary function data.
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ifdip 64 61 —— 141.7 (46.0, 237.4)
%Iassiﬂable P 64 50 68.5 (-31.3, 168.4)
RA-ILD 42 47 118.2 (1.0, 235.4)
$Sc-ILD 23 16 122.8 (-57.2, BOé.B)
FéID—ILD # 12 35.4 (-215.8, 286.5)
éx)pasure-related ILDs 21 18 — 252.8 (79.2, 426.5)
%ocidosis 4 8 -20.5 (-337.1, 29:?.1)
Other fibrosing ILDs 23 30 142.2 (-3.8, 288.3)

-400 -300 -200 -100 0 100 200 300 400 500

Favors placebo Favors nintedanib




	Binder3.pdf
	Figure 1
	Figure 2
	Figure 3
	Figure 4




