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Interstitial Lung Disease in Autoimmune Rheumatic Disorders

Introduction
Rheumatoid arthritis (RA) is a chronic inflamma-
tory disease affecting 0.5–1% of the population 
worldwide.1,2 Pulmonary involvement is a com-
mon extra-articular manifestation of RA, affect-
ing any of the lung compartments, and includes a 
wide spectrum of disorders, ranging from airways 
and pleural disease, bronchiectasis (BR), and 
nodules, parenchymal involvement as well as 
infection and drug toxicity.3 Lung disease in RA 
can occur at any time point of natural history of 
RA, either predating the onset of articular symp-
toms or becoming clinically evident after joint 
manifestations occur. Risk factors for disease-
related lung disease are incompletely understood, 
further complicating clinical decision making 
regarding detection and screening for this 
complication.

Interstitial lung disease (ILD) occurring in patients 
with RA is associated with significant morbidity 

and mortality and hence is a major factor affecting 
the natural course of disease.4–8 ILD is identified 
in up to 60% of patients with RA, with clinically 
significant disease reported in approximately 
10%.7,9 The reported median survival in previous 
RA-ILD studies ranges from 3 to 10 years.6,10,11 
The hazard rate ratios (HRRs) for death were 2 to 
10 times increased for RA-ILD compared with 
non-ILD RA, irrespective of follow-up period.4 
Among risk factors for development of ILD in RA 
that have been identified in many but not all clini-
cal studies are advanced age, male sex, a history of 
ever smoking, and seropositivity for rheumatoid 
factor (RF) or anti-citrullinated protein antibodies 
(ACPAs).3,9,10 High-resolution computed tomog-
raphy (HRCT) pattern, a lower baseline % pre-
dicted forced vital capacity (FVC % predicted), 
and a 10% decline in FVC % predicted from base-
line to any time during follow-up have been iden-
tified to be independently associated with an 
increased risk of death.10
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Usual interstitial pneumonia (UIP) is the pre-
dominant histological/radiological pattern of 
RA-ILD, reported in up to 66% of cases,12 unlike 
systemic connective diseases such as systemic 
sclerosis (SSc), in which the most common pat-
tern of ILD is non-specific interstitial pneumonia 
(NSIP). Notably, a predominance of NSIP has 
been reported in patients from China, suggesting 
differences in risk factors including genetics and 
exposures that may contribute to the develop-
ment of ILD.13

Despite the considerable heterogeneity of disease 
extent and course among patients with certain 
patterns of RA-ILD, the course of UIP has been 
generally associated with a worse outcome than 
NSIP.10,14 In western populations, the NSIP pat-
tern accounts for approximately 23–33% of cases 
with RA-ILD.15 Other patterns of ILD are also 
observed in patients with RA, including organiz-
ing pneumonia (OP), diffuse alveolar damage 
(DAD), lymphocytic interstitial pneumonia 
(LIP), and desquamative interstitial pneumonia 
(DIP), but are much less common, with reported 
incidences of 8%, <2%, <2%, and <1%, respec-
tively, among patients with RA-ILD.15

Predicting which patients will progress to clinically 
significant ILD has been a challenge for clinicians. 
It is known that ILD could be subclinical in 19–
57% of patients, but it tends to progress up to 50% 
of the cases,9,16,17 so early detection and close fol-
low-up are very important, especially in patients 
with any of the above-mentioned factors associated 
with increased risk such as age, male sex, smoking, 
and seropositivity, in order to potentially alter the 
disease course. More recent studies have found that 
patients with the Disease Activity Score-28 for 
Rheumatoid Arthritis (DAS 28) scores showing 
medium and high disease activity have a twofold 
increased risk of developing ILD compared with 
patients with low disease activity and this was inde-
pendent from other risk factors,9,16–18 which may 
suggest that controlling systemic inflammation may 
have a positive effect in delaying the onset of ILD.

Several biomarkers have been studied in patients 
with RA-ILD, trying to find ways to enhance our 
ability to detect early ILD cases and predict who 
would progress. Serum levels of matrix metallo-
proteinase-7 (MMP-7), interferon-γ-inducible 
protein 10 (IP-10)/CXCL10, tumor markers 
such as CA126, and other proteins such as KL-16 
and BAFF have been investigated; most of these 
markers are elevated in patients with RA who 

develop ILD, but their value as predictors of dis-
ease progression is still unclear.9,16,17,19–21

Other clinical parameters that have been found to 
be associated with severity of disease and likelihood 
of progression and mortality include disease sever-
ity at presentation and the rate of change of pulmo-
nary physiology within the first 6 months of 
disease;9,16,17 the pattern of fibrosis on HRCT has 
been a bit more controversial; some studies have 
suggested that the UIP pattern is associated with 
worse  prognosis;9,16,17 however, other studies found 
that the pattern on HRCT was not an independent 
 predictor of survival, whereas baseline and changes 
over time of the pulmonary physiology were 
 independent predictors of survival.10

Although therapeutic strategies for treatment of the 
joint manifestations of RA have greatly improved in 
recent decades, the management of RA-associated 
ILD remains challenging. Importantly, mortality is 
still increased in RA, and cardiovascular disease 
and ILD are the primary contributors to premature 
deaths.22,23 Moreover, patients with fibrosing ILDs 
other than idiopathic pulmonary fibrosis (IPF) who 
have progressive lung disease despite management 
have a subsequent clinical course similar to patients 
with untreated IPF, with a high risk of further ILD 
progression and early mortality.24 The emergence 
of antifibrotics as a novel therapeutic option for the 
treatment of RA-ILD with first positive results 
from phase III clinical trials such as INBUILD 
raises hope for improving the prognosis of RA-ILD.25 
In this review, we will mainly focus on the patho-
genesis of fibrosis in RA-ILD. We will discuss the 
putative mechanisms of action and effects of antifi-
brotic therapeutic approaches, and review the cur-
rent clinical evidence for the use of antifibrotics in 
RA-ILD.

Proposed pathogenesis of RA-ILD
Although the underlying pathogenesis of RA 
remains incompletely understood, it is widely 
accepted that both genetic and environmental 
factors contribute to the progression of ILD in 
patients with RA. Important in this disease pro-
cess is tissue fibrosis. Generally, fibrosis is defined 
as an excessive deposition of connective tissue 
components, and can affect virtually every organ 
system, including lungs.26 Repeated exposure to 
unknown noxia is posited to initiate chronic injury 
of airway and alveolar epithelial cells. In response 
to damage, aberrant and excessive tissue remod-
eling results in the destruction of the parenchyma 
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and replacement by increasing deposits of con-
nective tissue. The resultant loss of functional air-
way and alveoli due to fibrosis can lead to 
respiratory failure and mortality.

Susceptibility to fibrotic diseases
In RA-ILD, several susceptibility loci have been 
identified which may be implicated in the patho-
genesis of RA-ILD. Coding region mutations in 
the genes TERT, RTEL1, PARN, and SFTPC 
lead to telomere shortening. Telomere length is 
commonly used as a surrogate marker of telomere 
function, with short telomeres indicating reduced 
telomere function.27 Telomere-related gene muta-
tions and Single Nucleotide Polymorphism 
(SNPs) are associated with organ fibrosis and 
especially with pulmonary fibrosis.28 Telomere-
related mutations account for up to 10% of spo-
radic IPF, 25% of familial IPF, and 10% of CTD 
(connective tissue disease)-ILD.29

Another common susceptibility locus has been 
described within the Mucin 5B gene (MUC5B). 
The MUC5B promoter variant rs35705950, the 
strongest genetic risk factor for IPF, was also a 
strong risk factor for RA-ILD, especially among 
patients with evidence of a UIP pattern on imag-
ing.30 However, the MUC5B promoter variant 
does not associate with the development of RA 
itself.31 Also, the MUC5B promoter variant has 
not been found to be associated with a risk of 
ILDs associated with SSc or autoimmune myosi-
tis.32,33 It was observed in at least 50% of patients 
with IPF and has been estimated to account for 
30% of the genetic risk of developing IPF.34–37 
Changes in gene of MUC5B may indicate the 
regeneration of damaged epithelium and impaired 
mucociliary function or mucus composition.38,39

Collectively, these findings suggest an at least 
partially shared genetic susceptibility between 
RA-ILD and IPF.

Autoimmune response
Environmental factors, infection, cigarette smok-
ing, and host genetics, are known to influence pre-
disposition to articular as well as pulmonary 
disease in RA.15 Oral and airway dysbiosis, gastro-
esophageal reflux disease (GERD), and senes-
cence are increasingly believed to be potentially 
important in the development of lung disease in 
patients with RA.15,40,41 The reparative cascade 
also involves an early inflammatory response to 

these initiating triggers, which leads to leukocyte 
infiltration, activation, and accumulation in 
affected tissues. Lung tissues from individuals 
with RA-interstitial pneumonitis (IP) have sub-
stantially greater numbers of B cells and CD4+ T 
cells than lung tissues from individuals with idio-
pathic IP,42,43 implying that immune dysregula-
tion might be more prevalent in RA-ILD than in 
idiopathic IP. The external trigger leads to the 
epitope exposure and breakdown of immune tol-
erance, resulting in the activation of T cell target-
ing self-peptides. Susceptible individuals positive 
for the HLA-DRB1 shared epitope develop lung 
protein citrullination in the setting of cigarette 
smoking.44,45 Protein citrullination leads to the 
production of ACPAs.46 ACPAs have been 
observed in the sputum, but not in serum, in some 
individuals at risk of future RA, indicating that 
ACPAs are probably generated in the airways. In 
addition, ACPA of immunoglobulin A (IgA) iso-
type, primarily reflecting mucosal immunity, has 
been identified in individuals at risk for RA.47 A 
non-specific ACPA response can occur in patients 
with BR, becoming citrulline-specific in patients 
who develop BR/RA.48 ACPA titers are higher in 
patients with RA-ILD than in patients with non-
RA-ILD, and elevated levels of ACPA were 
observed in patients with RA whose pulmonary 
function revealed greater restriction or impaired 
diffusion compared with RA patients without those 
conditions.49 Notably, ILD may precede articular 
manifestations of RA in some cases. It is postulated 
that breakdown of immune tolerance might thus 
occur initially in the airways, and the resultant 
autoimmune response against citrullinated proteins 
occurring in the lungs and then secondarily spread-
ing to the joints.50,51 This concept implicates cross-
talk between joints and lungs in RA-ILD. However, 
further studies are required for confirmation.

Profibrotic signaling
The profibrotic mechanisms of ILD in the setting 
of RA have thus far been poorly characterized. 
However, work in other fibrotic disorders such as 
IPF and SSc-ILD identified a core set of profi-
brotic pathways shared across different fibrotic 
diseases of the lung. The core pathways are 
defined as pathways that are essential to lead from 
an initial stimulus to the development of fibrosis. 
These core pathways are thought to be conserved 
across different organs, diseases, and also individ-
uals. So far, only a few pathways have been cross-
validated across different organs to be functionally 
essential, thereby fulfilling the criteria for core 
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pathways of fibrosis.26 Two core pathways that are 
also relevant for the current antifibrotic therapies 
are transforming growth factor-beta (TGFβ) and 
platelet-derived growth factor (PDGF) signaling.

TGFβ signaling is widely recognized as a master 
regulator of physiological and pathological tissue 
repair responses.52 Dysregulation of TGFβ1 and 
TGFβ2 activity has been linked to the pathogen-
esis of fibrotic diseases such as IPF53 and SSc-
ILD.52 Activation of TGFβ signaling, for example, 
by fibroblast-specific overexpression of constitu-
tively active TGFβ receptor type 1 (TGFβRI), is 
sufficient to induce a systemic fibrotic disease 
with progressive fibrosis in multiple tissues.52,54–56 
Moreover, a number of preclinical studies have 
demonstrated that inhibition of TGFβ signaling 
exerts potent antifibrotic effects in various animal 
models across different organs.57 In mice with 
bleomycin-induced pulmonary fibrosis, epithe-
lial-specific deletion of TGFβRII resulted in an 
attenuated fibrotic response in the lung.58

PDGF has four isoforms (A, B, C, and D), which 
form several dimeric proteins (AA, BB, AB, CC, 
and DD) that can promote fibrosis via their mito-
genic and perhaps also chemoattractant properties, 
as well as in synergy with TGFβ. As platelet-derived 
growth factor receptor (PDGFR) is one of the pri-
mary targets of nintedanib, responsiveness to nint-
edanib in patients with IPF,59 SSc-ILD,60 and other 
fibrosing ILD,25 including RA-ILD, provides strong 
indication that those pathways are also activated and 
contribute to disease progression in lung fibrosis.

Following initial stimulus, the progression of fibro-
sis is driven by myofibroblasts. Myofibroblasts are 
metabolically active fibroblasts that express con-
tractile proteins, contract the tissue, and release 
abundant amounts of extracellular matrix. 
Although myofibroblasts are a heterogeneous pop-
ulation of cells that are derived from various cellu-
lar precursors, they are regulated by a shared set of 
core pathways, including TGFβ, PDGF, WNT, 
and hedgehog signaling, as well as several members 
of the family of nuclear receptors, such as PPARγ,61 
vitamin D receptor (VDR),62 and nuclear receptor 
subfamily 4 group A member 1 (NR4A1).55 
Although these cells may initially differentiate in 
response to local inflammation, the chronic profi-
brotic milieu induces epigenetic modification in 
myofibroblasts, which renders them endogenously 
activated even in the absence of external stimuli, 
thereby inducing a self-amplifying loop of myofi-
broblast activation and tissue fibrosis.

Lessons from mouse models
Little is known about the mechanisms underlying 
the progression of RA-ILD, in part due to the 
lack of an appropriate mouse model. Interestingly, 
SKG mice, which are genetically prone to devel-
opment of autoimmune arthritis, develop a pul-
monary interstitial pneumonia that resembles 
human cellular and fibrotic NSIP, thus validating 
as a model of RA-ILD to some extent.63 Based on 
this mouse model, the contribution of some sub-
sets of immune cells to the development of ILD 
in RA has been revealed. Kwon et al.64 demon-
strated that interleukin (IL)-17A+GM-CSF+ 
neutrophils represented the major inflammatory 
cells in the lungs of curdlan-treated SKG mice. 
Sendo et  al. found a unique cell population, 
CD11b+Gr-1dim tolerogenic dendritic cell (DC)-
like cells, which is expanded in the lungs of SKG 
mice with ILD. Furthermore, adoptive transfer of 
CD11b+Gr-1dim tolerogenic DC-like cells signifi-
cantly suppressed progression of ILD in SKG 
mice, implicating a potential role of unique sup-
pressive myeloid cells, that were differentiated 
from monocytic MDSCs, in suppressing lung 
inflammation in this model.65 Furthermore, they 
also demonstrated that tofacitinib could facilitate 
the expansion of MDSCs in the lung and amelio-
rate ILD severity in SKG mice.66

Putative mechanisms of action and effects of 
antifibrotics
Recently, the tyrosine kinase inhibitor nintedanib 
has demonstrated efficacy and safety in IPF,59 
SSc-ILD,60 and a broad range of other fibrosing 
ILDs with a progressive phenotype,25 including 
RA-ILD. Data from clinical trials also implicate 
the antifibrotic efficiency of pirfenidone in IPF,67 
as well as in unclassifiable fibrosing ILDs with a 
progressive phenotype.68 The comparable respon-
siveness to antifibrotics across ILD with distinct 
etiologies despite their heterogeneity supports the 
hypothesis that core pathways are activated across 
different disease entities to drive progression of 
fibrosis.

Nintedanib, formerly known by its development 
code BIBF 1120, is a small molecule tyrosine 
kinase inhibitor that targets profibrotic receptor 
tyrosine kinases involved in fibrosis such as PDGF 
receptor, fibroblast growth factor (FGF) receptor, 
vascular endothelial growth factor (VEGF) recep-
tor, and TGFβ receptor, as well as kinases involved 
in inflammation (Src family kinases and colony-
stimulating factor-1 receptor kinase).69,70 
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Nintedanib was designed to block kinase activity 
by occupying the intracellular ATP-binding pocket 
of specific tyrosine kinases. The binding mode was 
explored for FGFR-1 and VEGFR-2. Data from in 
vitro studies have shown that nintedanib interferes 
with processes active in fibrosis such as fibroblast 
proliferation, migration and differentiation, and 
the secretion of extracellular matrix (ECM).71 As 
mentioned above, treatment with nintedanib has 
been demonstrated to ameliorate lung fibrosis in 
SKG mice.66 In addition, nintedanib has shown 
consistent antifibrotic and anti-inflammatory 
activity therapeutically and preventively in three 
preclinical lung fibrosis mice models of bleomycin-
induced lung fibrosis in mice and rats, and silica-
induced lung fibrosis in mice.72–74

Pirfenidone is an orally active small molecule 
comprising a modified phenyl pyridine. Although 
the exact mode of actions remains incompletely 
understood, accumulating in vivo and in vitro evi-
dence demonstrates that pirfenidone inhibits 
stress-activated kinases and modulates expression 
of several profibrotic growth factors and proin-
flammatory cytokines, including TGFβ, PDGF, 
stromal cell–derived factor/C-X-C ligand 12 
(SDF-1a/CXCL12), tumor necrosis factor-α 
(TNFα), IL-1β, and fibrogenic T-helper type 2 
cytokines IL-4 and IL-13.75 Consistent with these 
findings, transcriptional profiling of lung homoge-
nates and lung fibroblasts derived from patients 
with IPF treated with or without pirfenidone indi-
cated that pirfenidone exerted beneficial effects 
via its action on multiple pathways in both lung 
fibroblasts and other pulmonary cells, through its 
ability to control extracellular matrix architecture 
and inflammatory reactions.76 In consequence, 
pirfenidone reduces fibroblast proliferation and 
alveolar macrophage activation, and inhibits 
ECM deposition.77,78 Pirfenidone ameliorates 
bleomycin-induced pulmonary fibrosis in mice79–

83 and has antifibrotic effects in other preclinical 
models, such as skin fibrosis,84 intestinal fibro-
sis,85 cardiac fibrosis,86 and liver fibrosis.87

Antifibrotic management of RA-ILD
To date, treatment recommendations for RA-ILD 
have largely been based on trial data derived from 
IPF or other CTD-related ILDs such as SSc-
associated ILD. The latest American College of 
Rheumatology (ACR) and European League 
Against Rheumatism (EULAR) guidelines for the 
management of RA recommend a multidisciplinary 
approach for RA-related comorbidities, such as 

ILD.88,89 There is no convincing evidence that the 
application of immunomodulatory therapy in sub-
clinical RA-ILD is consistently able to stabilize the 
lung disease or prevent progressive decline in pul-
monary function. In asymptomatic patients with 
non-progressive ILD, a ‘wait and see’ approach is 
usually recommended, and overtreatment should 
be avoided. In patients with clinically apparent 
symptoms, treatment should generally be consid-
ered based on the clinical, functional, or radiologic 
deterioration and histopathologic patterns of 
patients. Numerous excellent reviews cover the 
topics of supportive care and provide recommenda-
tions for the use of immunosuppressive therapies in 
RA-ILD.3,12,15 Here, we particularly focus on the 
use of antifibrotics in the management of RA-ILD.

Challenges in clinical practice
The concept of ‘progressive fibrosing ILDs’ or 
‘fibrosing ILDs with a progressive phenotype’ has 
been increasingly adopted in clinical trials and 
practice.25,68,90 Progression of fibrosing ILDs is 
reflected by an increase in fibrosis evident on a 
computed tomography scan, a decline in forced 
vital capacity (FVC) and gas exchange (i.e. dif-
fusing capacity of the lungs for carbon monoxide, 
DLCO), worsening of symptoms and exercise 
capacity, deterioration in health-related quality of 
life, and higher mortality.91 Acute deterioration in 
respiratory function accompanied by evidence of 
new abnormalities on imaging is recognized to be 
a reflection of disease progression.92

While a universally or generally accepted clinical 
definition of progressive ILD is lacking, the defi-
nition used in the INBUILD trial has currency. 
Regardless of their underlying rheumatologic or 
pneumological diseases, all patients recruited into 
the INBUILD trial were required to meet at least 
one of the following criteria for progression of 
ILD within the 24 months before screening: a 
relative decline in FVC of at least 10% of the pre-
dicted value, a relative decline in the FVC of 5% 
to less than 10% of the predicted value, and wors-
ening of respiratory symptoms or an increased 
extent of fibrosis on HRCT, or worsening of res-
piratory symptoms and an increased extent of 
fibrosis on HRCT.92 Another definition of pro-
gressive ILD was applied in a phase II trial of pir-
fenidone in patients with unclassifiable progressive 
fibrosing ILD (NCT03099187). Progressive ILD 
in this trial is defined as either a more than 5% 
absolute decline in FVC % predicted or signifi-
cant symptomatic worsening not due to other 
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causes within the previous 6 months.68 The diag-
nosis of progressive ILD relies largely on clinical, 
radiological, and pulmonary function test (PFT) 
findings. Moreover, radiation-free lung imaging 
modalities, like ultrasound, show initial promise 
as tools for ILD screening and follow-up;  
however, further studies on their validity and 
reproducibitlity across different centers may be 
required.93

The overall prognosis of patients with pulmonary 
fibrosis is related to the progressive phenotype.  
In a retrospective analysis of data from 1132 
patients with IPF who received placebo in the 
TOMORROW,94 INPULSIS1/2,59 CAPACITY,67 
and ASCEND95 trials, patients who had an abso-
lute FVC decline of 10–15% predicted had a 2.2-
fold greater risk of mortality compared with those 
with an absolute FVC decline of 5%.96 Moreover, 
having an acute exacerbation (AE) was associated 
with a hazard ratio (HR) for mortality of 10.3.96 
Another retrospective analysis combined the data 
of the patients using placebo from the INBUILD 
trial (n = 331) and the INPULSIS trial (n = 423). 
Results of this analysis demonstrated that a relative 
decline of FVC > 10% predicted was associated 
with an increased risk of death in the INBUILD 
trial (HR = 3.64) and the INPULSIS trial 
(HR = 3.95).24 Therefore, thorough screening 
and regular follow-up by auscultation, lung func-
tion testing (FVC and DLCO), and imaging by 
HRCT are mandatory for patients with RA, espe-
cially for those who present with respiratory mani-
festations or have risk factors of the development 
of ILD.

AE of ILD is characterized by acute deterioration 
in respiratory status, with newly developed bilat-
eral ground-glass opacities and/or consolidations 
on chest radiographs or CT scans, typically less 
than 1 month in duration.97 Other alternative 
causes such as infection, left heart failure, pulmo-
nary embolism, or other identifiable cause of lung 
injury need to be excluded. AEs can occur at any 
time during the disease course. RA-ILD has been 
reported to be the most common CTD-ILD asso-
ciated with AE.98 Approximately 20% of patients 
with RA-ILD develop an AE, with high mortality 
despite intense therapy.99,100 ILD diagnosis at an 
older age and the UIP pattern on HRCT are 
acknowledged risk factors for AE of ILD.99,100 
Based on observations in IPF, it is proposed that 
epithelial injury or proliferation, coagulation 
abnormalities, and autoimmunity are contribut-
ing factors to AEs of lung disease.101

Evidence from clinical trials
Nintedanib and pirfenidone have already been 
approved by the US Food and Drug Administration 
(FDA) and European Medicines Agency for the 
treatment of IPF.102 Subsequently, nintedanib 
was also approved by FDA as the first antifibrotic 
drug for the treatment of SSc-ILD103 and chronic 
fibrosing (scarring) ILD with a progressive pheno-
type independent of its underlying disease and 
pathology104 in September 2019 and in March 
2020, respectively.

The INBUILD study was a basket trial that 
assessed the efficacy and safety of nintedanib in 
patients with progressive ILD other than IPF 
independent of its underlying disease. The trials 
recruited a total of 663 patients, including 89 
patients with RA-ILD. The patients who received 
nintedanib had a slower annual rate decline of 
FVC over a 52-week period in ILD than placebo 
(−80.8 ml/year with nintedanib and −187.8 ml/
year with placebo), for a between-group differ-
ence of 107.0 ml/year (p < 0.001).25 Of interest, 
the results were similar in patients with UIP-like 
fibrotic pattern or other radiological patterns.25

Further subgroup analysis of data from the 
INBUILD trial evaluated 170 patients with auto-
immune disease–related ILDs, of whom 89 had 
RA-ILD, 39 had SSc-ILD, 19 had MCTD mixed 
connective tissue disease (MCTD)-ILD, and 23 
had other autoimmune disease–related ILDs.105,106 
Compared with placebo, nintedanib reduced the 
rate of decline in FVC over 52 weeks in patients 
with progressive fibrosing autoimmune ILDs by 
58%, a similar relative reduction observed in the 
overall population of the INBUILD trial (57%). 
In addition, the proportions of patients with abso-
lute and relative declines in FVC % predicted of 
>5% and >10% over 52 weeks were lower in 
patients who received nintedanib than placebo.107 
Similarly, in the subgroup of RA-ILD, nintedanib 
reduced the rate of decline in FVC over 52 weeks 
by 60% (−79.0 ml/year with nintedanib and 
−196.9 ml/year with placebo), for a between-
group difference of 117.9 ml/year (nominal 
p = 0.041). Interestingly, in autoimmune disease–
related ILD, the efficacy of nintedanib versus pla-
cebo was numerically greater in patients with a 
UIP-like fibrotic pattern on HRCT than in those 
with other fibrotic patterns, but without statistical 
significance (difference 124.2 ml/year in UIP-like 
subgroup, 41.7 ml/year in non-UIP subgroup, 
p = 0.37).105 Collectively, these data suggest that 
nintedanib slows the rate of decline in FVC in 
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patients with progressive fibrosing autoimmune 
disease–related ILDs, including RA-ILD.

As disease-modifying anti-rheumatic drugs 
(DMARDs) and glucocorticoids are widely 
applied in the majority of the patients with RA, 
the potential effect of DMARDs and/or glucocor-
ticoids on the efficacy of nintedanib in patients 
with progressive fibrosing autoimmune disease–
related ILDs in the INBUILD trial was also retro-
spectively assessed. RA-ILD accounted for 52% 
of patients of autoimmune disease–related ILD in 
that study. The rate of FVC decline was slower in 
patients treated with nintedanib than placebo 
both in patients who were and were not taking 
DMARDs and/or glucocorticoids at baseline, 
indicating beneficial efficacy of nintedanib in 
these patients, regardless of background DMARD 
therapy and/or glucocorticoid use.105,108

Among patients with autoimmune disease–related 
ILDs, AE of ILD or death occurred in 10 patients 
(12.2%) in the nintedanib group and 18 (20.5%) 
in the placebo group (HR = 0.58, nominal 
p = 0.17) during the 52-week trial. The propor-
tions of patients with progression of ILD or death 
were 40.2% in the nintedanib group and 53.4% 
in the placebo group (HR = 0.72; nominal 
p = 0.15). Deaths occurred in 9.8% of patients in 
the nintedanib group and 12.5% in the placebo 
group (HR = 0.80; nominal p = 0.62). Although 
not reaching statistical significance, nintedanib 
demonstrated beneficial effects in reducing the 
events of AE, progression of ILD, or death in 
autoimmune disease–related ILDs. However, 
further research is needed to confirm the effect of 
nintedanib on life-threatening events of autoim-
mune-related ILDs.

While analysis of data for nintedanib is favorable 
across autoimmune-related ILDs taken together, 
and for subgroups of patients with specific ILDs, 
the INBUILD trial was not designed or powered 
to show a benefit of nintedanib in the subgroup of 
patients with autoimmune disease–related ILDs.

Ongoing clinical trials of agents for RA-ILD
The TRAIL1 study was a phase II randomized, 
double-blind, placebo-controlled trial of pirfeni-
done aiming to investigate the efficiency and safety 
of pirfenidone in patients with RA-ILD 
(NCT02808871).109 Only 123 patients were rand-
omized of the intended 270; the study was stopped 
due to slow recruitment exacerbated by the 

COVID-19 pandemic.110 Patients were adminis-
tered pirfenidone 2403 mg/day as an add-on to 
existing treatment. The primary endpoint of the 
study was the incidence of the composite endpoint 
of decline in FVC % predicted of over 10% or 
death during the 52-week study period. The pri-
mary endpoint met by 11% on pirfenidone versus 
15% on placebo [OR = 0.67 (0.22, 2.03), 
p = 0.48].110 Although pirfenidone was found to be 
safe and slowed decline of FVC over time in 
patients with RA-ILD, TRAIL1 was underpow-
ered to detect a difference in the composite pri-
mary endpoint. This effect was more pronounced 
in those with a UIP pattern on baseline HRCT. 
No correlations between joint-disease activity and 
RA-ILD disease severity were noted.

The results of two multinational phase III trials, 
CAPACITY (004)67 and ASCEND,95 showed 
that pirfenidone significantly reduced the decline 
in FVC % predicted in the patients with IPF at 
week 72 and week 52, respectively. A recent phase 
II trial reported that the patients with progressive 
fibrosing unclassifiable ILD could benefit from 
pirfenidone treatment.68 However, the small 
number of unclassifiable ILD patients with auto-
immune features may limit further stratification 
analysis.

The list of potential molecular targets for the 
treatment of fibrosis is continuously growing. 
Several trials have been completed or are ongoing 
to assess the efficacy and safety of agents in the 
treatment of fibrosing ILDs, including RA-ILD 
(Table 1). 

Management of safety issues
In clinical trials of the available antifibrotics, the 
most common adverse events have been gastroin-
testinal in nature. With nintedanib, diarrhea was 
the most common adverse event reported in 66.9% 
of patients on nintedanib compared with 23.9% in 
the placebo arms.25 Abnormalities on liver-func-
tion testing were more common in the nintedanib 
group than in the placebo group (11.4% versus 
3.6%). Other adverse events that were more fre-
quent in the nintedanib group than in the placebo 
group include nausea (28.9% versus 9.4%), vomit-
ing (18.4% versus 5.1%), abdominal pain (10.2% 
versus 2.4%), decreased appetite (14.5% versus 
5.1%), and weight decrease (12.3% versus 3.3%). 
Elevations in liver enzymes showed a trend toward 
normalization after dose adjustment or discontinu-
ation.25 The safety profile of nintedanib in patients 

https://journals.sagepub.com/home/tab


Therapeutic Advances in Musculoskeletal Disease 14

8 journals.sagepub.com/home/tab

with autoimmune disease–related ILD was noted 
to be similar to that of patients without autoim-
mune disease–related ILD,105 not significantly dif-
ferent in those patients who were taking 
concomitant glucocorticoids or DMARDs.111

In patients taking with pirfenidone, gastrointesti-
nal and skin-related events were the most com-
monly reported adverse events, but like nintedanib 
these were typically mild to moderate in severity. 
The percentages of patients with other adverse 
events (AEs) associated with pirfenidone (treat-
ment-related photosensitivity, rash, weight 
decrease, and fatigue) were similar between the 
treatment groups (<10% difference). However, 
treatment-related gastrointestinal disorders were 
more frequent with pirfenidone than placebo 
(47% versus 26%).58

Although adverse events are quite frequent, most 
are mild and often, but not always manageable 

with dose modification.112 In total, 19.6% of 
patients on nintedanib and 15% of patients on 
pirfenidone discontinue treatment due to adverse 
events in daily practice, compared with placebo 
(10.3% and 4%, respectively).25,68 A 24-week, 
single-arm, open-label, phase IV study was per-
formed to assess safety and tolerability of treat-
ment with pirfenidone (1602–2403 mg/day) and 
nintedanib (200–300 mg/day) in patients with 
IPF. The results demonstrated that combined 
pirfenidone and nintedanib use for 24 weeks was 
tolerated by the majority of patients with IPF and 
associated with a similar pattern of treatment-
emergent adverse events expected for either treat-
ment alone.113

Depending upon the individual clinical scenario, 
a stepwise management strategy is recommended 
to prevent and mitigate drug-related AEs and 
help maintain the drugs at an optimal dose for 
long-term treatment. Patient education is of 

Table 1. Clinical trials of antifibrotics for ILD, including RA-associated ILD (RA-ILD).

Drug Study name Design and population Phase Clinical trial 
identifier

Status

Nintedanib INBUILD Efficacy and safety of nintedanib in patients 
with PF-ILD

III NCT02999178 Completed

Nintedanib NA A follow-up study investigating long-term 
treatment with nintedanib in patients with 
PF-ILD

III NCT03820726 Active, not 
recruiting

Nintedanib NA An expanded access program to provide 
nintedanib to patients of non-IPF-ILD who 
have no alternative treatment possibilities

– NCT03843892 Available

Pirfenidone TRAIL1 Safety, tolerability, and efficacy of 
pirfenidone in patients with RA-ILD

II NCT02808871 Enrollment 
closed

Pirfenidone RELIEF Efficacy and safety of pirfenidone for 
progressive, non-IPF lung fibrosis

II EudraCT 2014-
000861-32
DRKS00009822

Completed

Abatacept APRIL Safety of abatacept in RA-ILD; the 
investigators will perform a small clinical 
trial to assess the feasibility of performing 
a larger randomized controlled trial

– NCT03084419 Recruiting

Tofacitinib versus 
Methotrexate

PULMORA Effects of tofacitinib versus methotrexate 
on clinical and molecular disease activity 
markers in joints and lungs in early RA

IV NCT04311567; 
EudraCT 2019-
004179-38

Recruiting

Allogeneic bone 
marrow derived–
mesenchymal stem 
cclls

NA Safety of allogeneic bone marrow–derived 
mesenchymal stem cells for ILD in patients 
with connective tissue disease

I NCT03929120 Recruiting

ILD, interstitial lung disease; NA, not available; PF, progressive fibrosing; RA, rheumatoid arthritis.
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Figure 1. A stepwise algorithm for the management of RA-associated ILD (RA-ILD).
ACPA, anti-citrullinated protein antibody; AZA, azathioprine; CsA, cyclosporin A; CYC, cyclophosphamide; DMARDs, disease-
modifying anti-rheumatic drugs; FVC, forced vital capacity; HRCT, high-resolution computed tomography; ILD, interstitial 
lung disease; MMF, mycophenolate mofetil; RA, rheumatoid arthritis; RF, rheumatoid factor; TAC, tacrolimus, UIP, usual 
interstitial pneumonia.
*Supportive interventions such as smoking cessation, pulmonary rehabilitation, oxygen therapy, preventive vaccination.
§DMARDs with potential pulmonary toxicity should be tightly monitored. 
&There is no clear evidence-based recommendations on the choice of immunomodulatory agent for the treatment of RA-ILD.
#Optimal therapy for RA-ILD with a UIP pattern is under debate.
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critical importance, as is regular follow-up, timely 
reporting of AEs, sun exposure protection, and 
avoidance of unnecessary drugs or supplements. 
In case of drug-related AEs, dose titration and 
modification of the medication schedule or, if 
needed, drug discontinuation may be required.

Summary
ILD is a common manifestation of RA, which 
causes significant morbidity and mortality. 
Although there are significant advances in the 
management joint disease, the pharmaceutical 
options for the treatment of RA-ILD remain lim-
ited. The recently released data from the 
INBUILD trial provide evidence for the efficiency 
of antifibrotic agent nintedanib in patients with 
RA-ILD with a progressive phenotype. Other 
antifibrotic therapies such as pirfenidone are cur-
rently under investigation and may help to 
improve our management of RA-ILD.

Patients with RA with radiographic evidence of 
ILD, progressive respiratory symptoms such as 
cough and dyspnea, and worsening respiratory 
physiology despite traditional immunosuppressive 
therapy for RA-ILD such as rituximab, azathio-
prine, or mycophenolate mofetil may be candi-
dates for antifibrotic therapy.114 Monitoring of 
patients with RA-ILD on antifibrotics has not been 
yet established so we suggest to follow recommen-
dations for patients with IPF that are being treated 
with these agents. While on nintedanib and pirfe-
nidone, patients are typically monitored for hepatic 
toxicity with serum transaminases every month for 
the first 3 months and every 3 months after that.60 
Patients on pirfenidone may experience gastroin-
testinal symptoms such as nausea and also skin-
related events especially photosensitivity. It is 
recommended for patients on pirfenidone to use 
sunscreen and avoid direct sun exposure.95 
Pulmonary function tests carried out every 
3–6 months help assess progression of disease and 
response to therapy; the most important parame-
ters would be the FVC and the DLCO since they 
are key predictors of mortality. The 6-minute walk 
testing (6MWT) performed every 6 months is also 
recommended to assess disease progression, with 
the caveat that patients with active joint disease or 
ambulatory difficulty, assessment may be difficult.

Despite this recent progress, the management of 
RA-ILD remains challenging. Here, we proposed 
a stepwise algorithm for the management of 
RA-ILD, mainly based on the individual 

experience in our centers and literature review 
(Figure 1). Open questions that require future 
studies include the following: (1) the efficacy of 
multimodal therapies combining antifibrotic 
agents and immunomodulatory agents, (2) poten-
tial differences in treatment strategy based on the 
ILD pattern, and (3) the timing of initiation and 
termination of antifibrotic therapy in RA-ILD.

Current and future research addressing the underly-
ing pathophysiology of RA-ILD is essential for 
developing further therapeutic approaches for the 
treatment of RA-ILD. Studies evaluating the disease 
course, need for treatment, and standards for defin-
ing and assessing progressive lung disease in order to 
identify patients who may benefit from therapy are 
urgently needed in order to improve the often dismal 
prognosis of patients with progressive fibrosis.
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