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ABSTRACT

The prevalence of interstitial lung disease in patients with rheumatoid arthritis varies from 10 to 42%. Rheumatoid arthritis 
patients with interstitial lung disease have three times the risk of death compared with those without the disease. Prognosis 
seems to be related to the high-resolution computed tomography pattern. Usual interstitial pneumonia pattern, resembling id-
iopathic pulmonary fibrosis, carries a worse prognosis. Validated strategies to identify different phenotypes and assess the disease 
activity in rheumatoid arthritis interstitial lung disease are lacking. However, the utilization of high-resolution computed tomog-
raphy, composed disease activity scores, and anti-citrullinated peptide antibodies titers can help to guide decisions in clinical 
practice. Mechanisms involved in lung disease may be different from those implicated in joint involvement. This could explain 
why in a significant proportion of cases, interstitial lung disease does not improve or even worsens with standard therapies used 
successfully to treat the joint component (e.g. anti-tumor necrosis factor agents). In this scenario, a group of drugs that targets 
the adaptive immune response (e.g. rituximab or abatacept) seems to target more specifically the process that takes place in the 
lungs. Moreover, the recent emergence of anti-fibrotic drugs, which have already proven effective in idiopathic pulmonary fibro-
sis, may provide an alternative treatment strategy in rheumatoid arthritis-usual interstitial pneumonia. In this review, we propose 
a practical approach to the evaluation and therapy of rheumatoid arthritis interstitial lung disease. Validation of strategies di-
rected to assess the activity of lung disease and identify the underlying mechanisms are needed. Clinical trials evaluating a 
therapeutic approach with specific targets based on the disease phenotype are warranted. 
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INTRODUCTION

The prevalence of rheumatoid arthritis (RA) ranges 
from 0.5 to 1% in the general population1. Although 

the joint compromise is the most recognized, RA is a 
systemic disease with many non-articular manifesta-
tions. The prevalence of interstitial lung disease (ILD) 
in patients with RA varies from 10 to 42% in different 
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alpha, IL17 and B lymphocyte stimulator, among oth-
er humoral mediators, leads to the proliferation of 
T-cells and differentiation to T-helper cells Thf, Th1 
and Th17 profiles. As a consequence, B-lymphocytes 
produce antibodies (e.g. rheumatoid factor and anti-
citrullinated protein antibodies [ACPA]), and macro-
phages and neutrophils release their inflammatory 
mediators (prostaglandins, proteases, reactive oxygen 
intermediates, etc.), all of them contributing to tissue 
injury13. Innate immunity receptors, in particular, the 
Nod-like receptors and inflammasomes, are very impor-
tant for the initiation and maintenance of the inflam-
matory cascade14,15. As a consequence, both adaptive 
and innate immune response cells participate in this 
process, with the last ones playing a key role, spe-
cifically in synovial damage.

Some hypotheses exist, trying to explain the con-
comitance of lung and joint involvement in RA16,17 
(Fig. 1). Our group proposed that there are two path-
ways linking ILD and joint compromise in RA17. In the 

series, depending on the sensitivity of the utilized 
screening tests2,3. The presence of ILD has important 
prognostic implications since RA patients with ILD 
have three times the risk of death compared with 
those without ILD3.

Rheumatoid arthritis ILD is associated with almost all 
the histopathologic patterns of idiopathic interstitial 
pneumonia. Usual interstitial pneumonia (UIP) is the 
most prevalent, followed by non-specific interstitial 
pneumonia (NSIP) and organizing pneumonia4. The 
most practical approach is to classify RA ILD in two 
different phenotypes: UIP and non-UIP patterns5. In 
this spectrum of histological and high-resolution com-
puted tomography (HRCT) patterns, UIP represents 
the fibrotic pole, while the non-UIP pattern repre-
sents the inflammatory one. Patients with UIP pattern 
are older, more frequently male and smokers, and 
have worst prognosis compared to those with the 
non-UIP pattern6-8. The prognosis of patients with RA 
and UIP pattern mirrors idiopathic pulmonary fibrosis 
(IPF), with a median survival rate close to three years 
in both conditions8,9. On the other hand, the survival in 
non-UIP patients is approximately twice as long8.

Given the lack of evidence-based recommendations 
to evaluate and treat patients with RA ILD, the aim of 
this review is to propose a practical and mechanistic 
approach to guide the decisions in everyday practice.

MECHANISMS BEHIND  
THE CONCOMITANCE OF LUNG  
AND JOINT INVOLVEMENT  
IN RHEUMATOID ARTHRITIS

Citrullination is a crucial event for the development of 
RA, and consists in the conversion of arginine to citrul-
line, an amino acid that results immunogenic in a group 
of genetically predisposed individuals10. Those indi-
viduals show certain human leukocyte antigens (HLA) 
called “shared epitopes,” which give them an increased 
tendency to bind and present citrullinated peptides11. 
The place where this initial event occurs is a topic of 
discussion, but most of the evidence points towards 
mucosal sites (e.g. oral mucosa)12. Once antigen pre-
sentation occurs, both humoral and cellular immune 
responses against citrullinated peptides develop in 
synovial tissue. An increase in the concentrations of 
interleukins (IL) IL1, IL6, tumor necrosis factor (TNF) 

Figure 1. Mechanisms behind the concomitance of lung and 
joint involvement in rheumatoid arthritis.
Black arrows: sequence of events in the development of non-
usual interstitial pneumonia pattern of rheumatoid arthritis 
interstitial lung disease. White arrows: sequence of events 
in the development of usual interstitial pneumonia pattern 
rheumatoid arthritis interstitial lung disease. 
ACPA: anti-citrullinated peptide antibody; IL: interleukin; 
ILD: interstitial lung disease; MMP: matrix metalloproteinase; 
TGF: tumor growth factor.
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first pathway (called “from the joints to the lungs”), 
the process begins in the synovial tissue from a pa-
tient with established RA. According to this hypothe-
sis, a proportion of RA patients with joint compromise 
also produce citrullinated peptides in the lung paren-
chyma. Consequentially, the ACPAs recognize those 
citrullinated peptides; the immune response moves to 
the lung and ILD develops17. There is an initial inflam-
matory phase showing T- and B-cell infiltrates in the 
lung interstitium, which subsequently leads to a repair 
phase in which cytokines like IL13, and tumor growth 
factor (TGF)-B promote the transition of the fibro-
blast to myofibroblast, the main actor in interstitial 
fibrosis. This sequence of events probably represents 
what occurs in the inflammatory pole of RA ILD (non-
UIP pattern). In the second pathway (called “from the 
lungs to the joints”), the process begins in the lung 
parenchyma of an individual with ILD, in particular, 
with an IPF-like mechanism17. According to the cur-
rent IPF paradigm, aged alveolar epithelial cells, which 
are genetically conditioned and subjected to mechan-
ical stress, gain the ability to secrete a variety of 
substances, including growth factors (TGF-B), chemo-
kines (CXCL12), matrix metalloproteinases (MMP-7), 
etc. In turn, these substances promote the transition 
of fibroblast to myofibroblast, which deposits extracel-
lular matrix components and leads to tissue fibrosis17. 
It has been demonstrated that patients with IPF show 
citrullinated peptides in the lung parenchyma18. There-
fore, in those with a predisposing genetic background 
(e.g. shared epitopes), an immune response against 
citrullinated peptides develops. Finally, ACPAs are syn-
thesized in the lung, and tissues showing citrullinated 

peptides are targeted (e.g. lung interstitium and synovi-
um). This mechanism probably reflects what occurs in 
RA UIP pattern, and also explains why the UIP pattern 
of RA ILD has in some cases inflammatory infiltrates19.

It is of note that in the first pathway, the fibrotic 
process is a consequence of the inflammatory one, 
but in the second pathway, both fibrotic and inflam-
matory processes are in parallel. This is an important 
factor since it may have therapeutic implications. Al-
though the “two pathways hypothesis” in our opinion 
can explain the whole problem related to RA ILD, it 
needs to be studied and demonstrated.

APPROACH TO RECOGNIZING DIFFERENT 
PHENOTYPES AND ASSESSING DISEASE 
ACTIVITY IN THE LUNGS

As was shown previously, there are reasons to believe 
that different phenotypes in RA ILD represent differ-
ent underlying mechanisms17. Therefore, identifying 
them may prove useful in choosing the most appropri-
ate treatment (an anti-inflammatory agent and/or an 
anti-fibrotic one). We propose two different strate-
gies to approach the disease phenotype and assess 
the disease activity (Fig. 2). 

Noninvasive strategy

The HRCT has proven to be an important resource in 
the evaluation of patients with suspected IPF20. As it 
occurs in IPF, the UIP pattern can be diagnosed with 

Determine HRCT pattern

UIP pattern

Age > 60
and

Male

Possible UIP pattern

Inconsistent with
UIP pattern

No lung biopsy No lung biopsy

Consider surgical
lung biopsy to de�ne

pattern

No

Yes

Figure 2. Assessment of the phenotype in rheumatoid arthritis associated interstitial lung disease. (1) Clear predominance of 
ground glass opacities or consolidation. 
HRCT: high resolution computed tomography; UIP: usual interstitial pneumonia.
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very good specificity (96%; 95% CI: 81-100) and 
positive predictive value (95%; 95% CI: 75-100), but 
modest sensitivity (45%; 95% CI: 30-61) and nega-
tive predictive value (53%; 95% CI: 38-68) in patients 
with RA ILD21. The correlation between HRCT and 
pathology fibrosis scores in ILD patients has shown to 
be acceptable, and the same occurs with the ground 
glass opacities and inflammatory infiltrate scores22. In 
patients with RA ILD, ground glass scores have shown 
to correlate with RA disease activity measured with 
composite indexes, e.g. Clinical Disease Activity Index 
(CDAI)23. This has not proven to be true regarding 
fibrosis scores in HRCT, which reflects the fact that 
ILD does not always depend on an inflammatory pro-
cess. A study that measured the response to disease-
modifying anti-rheumatic drug (DMARD) treatment 
in patients with RA ILD showed that those patients 
with lowest fibrosis scores had a better functional 
response24. Collectively, these data suggest that HRCT 
is useful to define the pattern of lung compromise in 
patients with ILD, especially in UIP cases, and can 
contribute to assessing the activity of the disease and 
response to treatment. Thus, we propose that HRCT 
should be the first study to be performed on these 
patients in order to define the ILD phenotype.

Rheumatologists are familiar with the utilization of 
disease activity scores in daily practice. The most 
utilized are Disease Activity Score 28 (DAS28) and 
CDAI25. These are validated instruments with cutoff 
points that discriminate between remission and mild, 
moderate, and high disease activity. The presence of 
moderate-to-high activity, measured by any of these 
scores in a patient with RA ILD, should raise the sus-
picion of an inflammatory mechanism behind the lung 
compromise. In this scenario, interaction between the 
pulmonologist and the rheumatologist is mandatory 
to assess the activity level of the disease and con-
sider the best therapy. In patients without clinical evi-
dence of joint tenderness, the utilization of power 
Doppler or magnetic resonance imaging (MRI) may be 
useful to detect subclinical synovitis26. 

The utility of ACPAs to assess the activity of RA ILD 
has not yet been determined. However, some interest-
ing findings in this direction have been published. The 
ACPA titers have shown to correlate to the number of 
lymphoid follicles in the lung biopsy of RA ILD patients 
in one study27. This clearly suggests that the lung 
contributes to the total pool of circulating ACPAs. It 

has been demonstrated that patients with RA ILD have 
higher titers of ACPAs compared with those without 
ILD, with an OR of 3.83 (95% CI: 1.74-8.43)28. More-
over, ACPAs are associated with severity and extent 
of RA ILD in HRCT29. As a consequence, the pres-
ence of high ACPA titers (defined as an elevation of the 
titers more than three times the upper limit of normal-
ity) in an RA patient with ILD may be evidence of an 
immune response taking place at the lung30. 

In patients with ILD, the utilization of biomarkers may 
represent an interesting strategy for diagnosis or to 
obtain prognostic information without performing a 
surgical lung biopsy. Biomarkers were first studied in 
IPF, where higher levels of MMP-7 and SP-D are associ-
ated with reduced survival31,32. In RA ILD, a combinato-
rial signature including MMP-7 and IP-10 (a chemokine 
related to Th1 lymphocyte trafficking) significantly 
increased the detection of the disease, while MMP-7 
and SP-D have also been shown to enhance our abil-
ity to risk-stratify clinically evident and subclinical dis-
ease33,34. However, the role of these or other biomark-
ers in clinical practice needs to be clarified. 

Summarizing, we consider that HRCT, disease activity 
scores (DAS28 or CDAI), acute-phase reactants (C-
reactive protein and erythrocyte sedimentation rate) 
and ACPA titers and, in selected cases, power Doppler 
or MRI, can help to recognize an underlying inflamma-
tory phenomenon and direct the treatment strategy. 

Invasive strategy 

There is no evidence to guide the decision of when to 
perform a surgical lung biopsy and, more importantly, 
what information it can provide in patients with the 
coexistence of RA and ILD. Given the lack of evidence, 
we suggest the use of an algorithm that can help 
select which patients may need a surgical lung biopsy.

The first step is to determine the HRCT pattern. The 
objective of performing a surgical lung biopsy is to 
determine the phenotype of ILD. Thus, in patients in 
whom the phenotype can be assessed with HRCT, the 
lung biopsy does not seem to have utility. This is 
the case of patients with a typical UIP pattern, which 
has shown good correlation with UIP in the biopsy 
specimen. In this group of patients, the IPF-like mech-
anism can be assumed, and an appropriate treatment 
strategy should be implemented. In the same line, 
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patients with a clearly inflammatory HRCT pattern 
(with predominating ground glass opacities and/or 
consolidation) should not be biopsied. An anti-inflam-
matory treatment should be implemented to avoid 
the development of secondary fibrosis.

Surgical lung biopsy should be considered in patients 
with an HRCT that cannot discriminate between these 
two poles. This is the case of patients with a pos-
sible UIP pattern, except for male patients older than 
60 years who will probably show a UIP in the biopsy35. 

THERAPEUTIC APPROACH  
TO THE INFLAMMATORY PHENOTYPE  
OF RHEUMATOID ARTHRITIS 
INTERSTITIAL LUNG DISEASE (FIG . 3)

Extrapolating from other diseases  
with a similar behavior in the lung 

The only connective tissue disease-related ILD where 
randomized controlled trials (RCT) were performed 
is Scleroderma-related ILD. The most important one is 
the Scleroderma Lung Study, a multicenter, random-
ized, cyclophosphamide vs. placebo trial36. The same 
group of researchers has just presented the results 
of Scleroderma Lung Study II, a comparison between 

cyclophosphamide and mycophenolate mofetil37. 
Those studies have only shown a subtle benefit for 
either cyclophosphamide or mycophenolate mofetil. 
Given the fact that these are the only RCTs in con-
nective tissue disease ILD, and the lack of evidence 
regarding RA ILD treatment, the possibility of extrap-
olating them to RA appears attractive, assuming that 
at least in part they share pathogenic mechanisms. 
However, we should be very careful when extrapolat-
ing treatments from different diseases since they may 
have diverse results.

In many autoimmune diseases, particularly for the 
treatment of severe manifestations, the strategy in-
cludes an induction phase (more aggressive) and a 
maintenance phase38. As RA ILD has a high mortality, 
this approach could also be applied in this clinical sce-
nario as well. 

Extrapolating from the treatment  
of other manifestations of rheumatoid 
arthritis

The latest American College of Rheumatology recom-
mendations do not consider specifically the situation of 
patients with RA and ILD, but suggest that extra-artic-
ular disease carries a worse prognosis and should re-
ceive a more aggressive treatment25. Evidence suggests 
that the mechanisms involved in joint inflammation are 
different from the ones contributing to lung disease. RA 
is an autoimmune disease, in which a specific immune 
response (e.g. against citrullinated peptides) takes place 
in different organs, directed and controlled by the adap-
tive immune system. However, the effector arm of the 
tissue injury varies in the different organs, in particular 
lungs and synovium. The profile of inflammatory cells 
contributing to the damage in both sites is quite differ-
ent. Regardless of the specific histology subtype (UIP, 
NSIP, etc.), the lung tissue usually shows lymphoid ag-
gregates and even large accumulations of lymphocytes 
that have the appearance of lymphoid follicles with 
germinal centers19,27. Plasma cells and dendritic cells 
are also present, but to a lesser amount. On the other 
hand, macrophages and fibroblast-like synoviocytes 
are the dominant cellular populations in the synovial 
tissue of the majority of cases39. This diverse cellular 
profile reveals a different immune response mediating 
the tissue damage in both sites, with an innate im-
mune profile acting in the synovium and an adaptive 
immune response contributing to the lung injury. 

Hypothetical 
role in patiens
with functional
decline despite

immunosuppression

Hypothetical 
use in combination with

immunosupression
to avoid 	brosis

progression

First line therapy in every RA ILD patient

Non UIP
pattern

Anti-Fibrotic treatment
(Pirfenidone, Nintedanib)

Immunosuprressive treatment
Targeting the adaptive inmune

response (e. g. Abatacept, Rituximab)

UIP
pattern

Figure 3. Rheumatoid arthritis interstitial lung disease treat-
ment according to phenotype. 
ILD: interstitial lung disease; RA: rheumatoid arthritis; UIP: 
usual interstitial pneumonia.
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The DMARDs play an important role in the treatment 
of RA. In fact, in the majority of cases they represent the 
first treatment option39. However, an increasing num-
ber of reports have appeared regarding the lung tox-
icity of this group of drugs40. Methotrexate is the 
most utilized and paradigmatic drug from this group, 
and the occurrence of lung disease in patients receiv-
ing this drug has also been reported. This fact has 
generated confusion regarding the use of this agent 
in patients with RA ILD. The reported lung toxicity 
with methotrexate is of two different types: an acute 
hypersensitivity pneumonitis and a chronic ILD40. Nev-
ertheless, some interesting aspects should be consid-
ered. Methotrexate is widely used to treat psoriasis, 
a disease that does not affect the lungs. In patients 
with psoriasis receiving methotrexate, the reported 
lung toxicity is notably much less prevalent than in 
RA patients41-45. Furthermore, a study showed that 
the prevalence of chronic lung disease (screened with 
HRCT and pulmonary function tests) in RA patients 
receiving methotrexate does not seem to be greater 
than in patients receiving other treatments46. Further-
more, methotrexate has proven to improve lung func-
tion in a small observational study of RA ILD24. Taken 
together, these results suggest that what was previ-
ously considered chronic lung toxicity due to metho-
trexate, could in fact be related to RA itself. Based on 
this information, we consider that methotrexate should 
not necessarily be suspended in patients with RA who 
develop chronic ILD. However, another medication that 
targets lung disease should be added. On the other 
hand, methotrexate should be discontinued in patients 
who develop acute ILD, especially if there is a chrono-
logical relationship between hypersensitivity pneumo-
nitis pattern and the initiation of methotrexate. Finally, 
the decision of starting methotrexate in a patient 
who already has ILD should be carefully considered. 
The development of acute lung injury secondary to 
drug toxicity in a patient with a previously abnormal 
lung function test may be life threatening. The level 
of lung functional impairment may help guide this 
difficult decision. 

The TNF inhibitor group was the first group of bio-
logic agents that appeared as an option to treat re-
fractory cases of RA. However, the development or 
worsening of preexisting ILD has been increasingly 
reported47,48. This represents a paradox since this 
group of drugs has shown to be effective for the treat-
ment of joint compromise25. A possible explanation is 

that anti-TNF agents target a cytokine that plays a key 
role in the innate immune response taking place in the 
joint tissue, but does not block the adaptive immune 
response that mediates the lung disease. As a conse-
quence, we consider that anti-TNF agents should be 
avoided in patients with previously diagnosed ILD. 
We also recommend the screening of ILD with HRCT 
in patients before receiving any anti-TNF agents to 
avoid the worsening of an undiagnosed ILD.

Rituximab is a monoclonal antibody that targets B-
lymphocytes by binding to CD20. Its efficacy for the 
treatment of RA has been demonstrated in various 
RCTs49. Given the fact that B-lymphocyte infiltrates 
are prominent in lung biopsies from RA ILD patients, 
using rituximab to treat RA ILD appears to be an at-
tractive option. Although RCTs demonstrating ritux-
imab’s efficacy in RA ILD are lacking, an increasing 
number of case series showing patient improvements 
are being published50. We consider that rituximab could 
represent an interesting alternative in the treatment 
of RA ILD.

Abatacept is a fusion protein (CTLA4-Ig) that binds to 
co-stimulatory molecules CD80 and CD86 in the anti-
gen-presenting cell, blocking its interaction with CD28 
in the T lymphocyte surface. Through this mechanism, 
it prevents antigen presentation and the interaction 
between B- and T-cells51. Abatacept has largely prov-
en its efficacy for the treatment of joint involvement 
in RA52. Moreover, abatacept has been proposed as an 
option for the treatment of RA ILD based in several 
case series53. We consider that abatacept is a very 
promising option in the treatment of RA ILD patients.

THERAPEUTIC APPROACH OF  
THE FIBROTIC/USUAL INTERSTITIAL 
PNEUMONIA PHENOTYPE OF 
RHEUMATOID ARTHRITIS INTERSTITIAL 
LUNG DISEASE: PUTATIVE ROLE  
FOR ANTIFIBROTIC AGENTS

A change in the paradigm of IPF pathogenesis has 
occurred in the last few years54. As a consequence, 
new therapeutic options have emerged, targeting the 
fibrotic process itself.

Pirfenidone is a small and simple molecule with mul-
tiple effects55. The most remarkable is that it reduces 
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the levels of TGF-beta, platelet-derived growth factor 
(PDGF) and fibroblast growth factor (FGF), growth 
factors that activate the fibroblast and enhance its 
capacity of depositing extracellular matrix. Through 
these mechanisms, it targets the fibrotic process and 
slows the progression of IPF. Pirfenidone has proven 
to reduce the forced vital capacity decline in IPF pa-
tients in four RCTs16,17,56-58. Interestingly, pirfenidone 
reduces the levels of TNF-alpha and IL-6, both cyto-
kines related to the activation of the macrophage and 
with proven roles in RA pathogenesis55.

Nintedanib is a tyrosine kinase inhibitor. It blocks the 
receptor of three growth factors that are of crucial 
importance for the development of lung fibrosis: PDGF, 
vascular endothelial growth factor (VEGF) and FGF59. 
Through this mechanism, it interferes with fibroblast 
proliferation and differentiation, together with its ca-
pacity of producing the extracellular matrix. It has 
proven to slow forced vital capacity decline in patients 
with IPF in two RCTs60,61. Given the similarities be-
tween IPF and RA UIP, it makes sense to propose that 
these two drugs may have a role in the treatment of 
RA ILD patients with this specific phenotype . Based 
on our hypothesis, targeting the inflammatory pro-
cess with immunosuppressants alone will not prevent 
the progression of the fibrotic process and functional 
decline. The association of both types of agents (im-
munosuppressant and anti-fibrotic) can potentially 
be the future of treatment in this spectrum of the 
disease.

The utilization of anti-fibrotic agents in patients with 
a fibrotic NSIP that shows functional deterioration 
in spite of anti-inflammatory treatment could make 
sense. However, since in this group of patients fibrosis 
appears as a secondary process, the first drug to in-
troduce should be an immunosuppressant.

At present, the utilization of anti-fibrotic drugs in pa-
tients with RA ILD is purely speculative since there is 
no evidence to support it. This situation warrants the 
need for trials evaluating the effectiveness of anti-
fibrotic agents in this group of patients. On the other 
hand, given the inflammatory nature of RA and the 
evidence available about its efficacy for the treat-
ment of joint involvement, the utilization of agents 
that target the immune system is the only strategy 
we can support. 

CONCLUSIONS

Evidence that defines which is the most adequate ap-
proach for the evaluation and treatment of RA ILD 
patients is lacking. In this scenario, extrapolating evi-
dence from similar clinical situations can be useful. 
Furthermore, revising the pathogenic mechanisms can 
help in understanding the clinical behavior of the dis-
ease and choosing the most appropriate treatment 
available to target those mechanisms. Polarizing this 
heterogeneous group of patients in UIP and non-UIP 
patterns may contribute to simplifying this therapeu-
tic dilemma. We propose a practical approach to or-
ganize the available information and clarify the more 
conflicting aspects of RA ILD.
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