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ABSTRACT

Rheumatoid arthritis (RA) is an articular disease
with extra-articular manifestations. Pulmonary
manifestations are not uncommon and can
involve all compartments of the lungs with
airway disease in the form of bronchiectasis or
bronchiolitis, interstitial lung disease (ILD),
pleural effusions and parenchymal lung nod-
ules. The pulmonary features may present syn-
chronously or after the articular disease, but,
importantly, it may be the first presentation in
10% of patients in the absence of articular
symptoms. Here we discuss the pathogenesis of
RA lung involvement, particularly interstitial

lung disease and bronchiectasis, focusing on the
role anti-CCP antibodies (ACPAs). We highlight
the complex interplay among genetic, envi-
ronmental and immune factors. Furthermore,
we explore the relationship of citrullination and
smoking as well as the concept of interstitial
pneumonia with autoimmune features (IPAF),
where patients do not have evidence of another
known cause of interstitial pneumonia and
have incomplete features of connective tissue
disease (CTD). We surmise that the frequency
and titers of rheumatoid factor (RF) and ACPAs
are increased in bronchiectasis and RA-
bronchiectasis compared to RA patients without
lung disease. ACPA is associated with more
severe disease in both RA-ILD and RA-
bronchiectasis even in the absence of articular
symptoms. There is no clear prediction of
development of articular RA with high ACPA
levels in the context of positive ACPA and ILD;
however, in RA-bronchiectasis, patients with
positive antibodies can develop RA within a
year after diagnosis of bronchiectasis. Though
the primary focus of this narrative is to high-
light the role of ACPA in pathogenesis and
clinical practice, we also discuss the current
treatment options and trials in RA-ILD and RA-
bronchiectasis. Currently, there are no clear
treatment guidelines. The treatments are now
focusing on using a combination of immuno-
suppression and antifibrotic agents. Combina-
tion treatment targets both the fibrotic and
inflammatory components of the disease
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process. Further studies are needed to identify
the use of ACPA as a biomarker to tailor the
treatment in RA-ILD and RA-bronchiectasis.
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Antifibrotics; Bronchiectasis; Citrullination;
RA-ILD smoking

Key Summary Points

Why carry out this study?

There is significant disease burden in RA-
ILD and RA-bronchiectasis. A closer look
at the pathogenesis is needed to guide
clinical management

What did the study ask?

We aimed to investigate the pathogenesis
of RA-ILD and RA-bronchiectasis
concentrating on the role of
autoimmunity and ACPA

What was learned from the study?

(1) The pathogenesis of RA-ILD and RA-
bronchiectasis is complex with MUC5B
gene polymorphism playing a potential
role in both conditions

(2) Current studies suggest ACPA levels
can predict the severity of lung disease in
both RA-ILD and bronchiectasis, and
often this predates the articular
manifestations

Study outcome

More research is needed to identify ACPA
as a biomarker/phenotype to personalize
treatment in bronchiectasis and ILD
associated with RA. Currently there are no
clear treatment pathways, but an MDT
approach is advised

INTRODUCTION

Rheumatoid arthritis (RA) is a systemic
autoimmune inflammatory disease with a glo-
bal prevalence of approximately 0.46% that
presents with mostly articular but also extraar-
ticular manifestations [1]. Pulmonary manifes-
tations of rheumatoid arthritis include
pulmonary nodules, pleural effusions, bronchi-
olitis, bronchiectasis and interstitial lung dis-
ease (ILD) [2]. The latter two are the most
common pulmonary manifestations and in 10%
of cases can be the first presentation of RA [3].
In some cases, patients may present with respi-
ratory symptoms and positive antibodies but
without articular features of rheumatoid
arthritis [4], while in a minority of cases, the
ILD may precede the development of anti-
citrullinated peptide antibodies (ACPA) by sev-
eral years [4, 5]. In this review article, we pro-
vide an update on the pathogenesis of
rheumatoid arthritis-associated bronchiectasis
(RA-bronchiectasis) and ILD, including the role
of ACPA [6].

This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.

PATHOGENESIS OF RA-ILD AND RA-
BRONCHIECTASIS

Pathogenesis of RA-ILD

Though the exact etiology of RA -associated ILD
(RA-ILD) is not known, several risk factors have
been identified. These include cigarette smok-
ing, ACPA, genetic variants, including HLA
alleles, male gender,[ 60 years of age, duration
of RA 0–5 years and high LDH. No correlation
has been observed between standard disease-
modifying antirheumatoid drugs (DMARDS)
and ILD [7, 8].

All the known histological interstitial pneu-
monia patterns are seen in RA, on high-resolu-
tion CT (HRCT) scan or histology, often with
evidence of multicompartment involvement
including airways, pleura or vasculature. Lung
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biopsies are rarely performed in RA-ILD, as CT
patterns provide prognostic separation. The
pattern most frequently observed is usual
interstitial pneumonia (UIP) (on CT character-
ized by peripheral distribution of reticulation,
with traction bronchiectasis with/without
honeycombing, and on histology patchy fibro-
sis, microscopic honeycombing and fibroblastic
foci), where fibrosis dominates over inflamma-
tion. Non-specific interstitial pneumonitis
(NSIP) is the second most common pattern,
characterized by a homogeneous distribution of
fibrosis admixed with inflammation. More
inflammatory patterns, including organizing
pneumonia and lymphocytic interstitial pneu-
monia, are observed less frequently. A CT UIP
pattern has the worst prognosis, with an idio-
pathic pulmonary fibrosis (IPF)-like survival in
patients with extensive disease on CT. Features
inconsistent with UIP are associated with a
more favorable prognosis [9]. Features of small
airway involvement are manifested on CT by
the presence of a mosaic attenuation pattern
and are often seen in RA-ILD [9]. Finally, con-
comitant emphysema is seen in a subset of RA-
ILD patients and is associated with a UIP pattern
and a worse outcome. Jacob et al. report a
prevalence of emphysema in 27% of never
smokers with RA-ILD, suggesting shared path-
ways, possibly autoimmune, between ILD and
emphysema in RA [9].

Recently, there has been renewed interest in
the role of ACPAs in disease pathogenesis. The
presence of citrullinated peptides in the serum
and synovial fluid in RA with high specificity
and the facts that ACPAs can develop 3–5 years
before the onset of arthritis [10] and that they
are often related to more severe disease have
suggested a key role in the pathogenesis of RA
[11].

The lung is considered a potential site of
initiation in ACPA-positive RA [12], possibly
triggered by processes such as smoking and
microbial dysbiosis [13–15]. Furthermore, IgA
and IgG RA-associated antibodies are found in
the sputum of individuals at high risk of RA
(e.g., with a first-degree relative with RA) even
in the absence of serum ACPA or RF. Through
loss of integrity of the mucosal barrier, these

antibodies may subsequently leak into the sys-
temic circulation [16, 17].

The citrullination process converts arginine
to citrulline, which results in an immune
response. The process relies on the extracellular
release of peptidyl-arginine deiminase 4 (PAD4)
by neutrophils or macrophages. The full range
of recognized citrullinated proteins is not
known. ACPA can be present in other diseases,
including systemic lupus erythematosus (SLE)
(16.6%), ankylosing spondylitis (4%), psoriatic
spondyloarthropathy (PSA) (10.6%), unclassi-
fied rheumatism (33%) and tuberculosis
[18, 19]. Higher ACPA titers are associated with
an increased prevalence of ILD, even when
corrected for confounders such as RA and
smoking [20]. Approximately half of individuals
with RA-ILD have evidence of citrullinated
proteins on examination of their lung tissue
[21]. Interestingly, the proportion with evi-
dence of citrullination with idiopathic intersti-
tial pneumonia is similar to that with RA-ILD
and double that seen in control populations
[21].

Some patients with RA have a genetic pre-
disposition to developing ILD. The presence of
HLA-B54, HLADQ1B*0601, HLA-B40 and HLA-
DR4 is associated with increased risk of ILD [22].
The MUC5B gene encodes mucin 5B, a macro-
molecule glycoprotein secreted by airway cells
in the airway mucus barrier. A promoter poly-
morphism of this gene, rs37505950, associated
with increased MUC5B expression, confers the
greatest risk of developing IPF [23]. MUC5B is
overexpressed in the distal airways and honey-
comb cysts of IPF lungs [24]. Interestingly, the
MUC5B promoter variant is associated with the
development of RA-ILD, and specifically with a
UIP pattern, but is not a risk factor for the
development of RA per se [25]. The mechanisms
underlying the contribution of the MUC5B
polymorphism to the pathogenesis of IPF and
RA-UIP are not known, although aberrant
mucociliary clearance in the small airways may
be associated with a more detrimental impact of
inhalational exposures such as smoking, known
to be strongly associated with both IPF and RA-
ILD [26]. Research is ongoing so that this
genotype may guide better understanding of
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the pathogenesis and management of this
condition.

Cigarette smoking is an independent risk
factor in the development of RA and ILD. It may
play a role in inducing antibody formation and
has been linked to higher titers of rheumatoid
factor. Smoking may also play a specific role in
RA-ILD by promoting citrullination of lung
proteins by increasing PAD 4 levels, thus lead-
ing to the development of ACPA [27–29]. This
seems to be especially the case for individuals
who have the shared epitope HLA-DRB1. Male
sex has also been identified as a risk factor for
RA-ILD, although the exact reason is not
understood [22]. A study has found that the
proportion of smokers and non-smokers with
ACPA antibodies was not statistically different
but smokers did have higher levels of ACPA and
more severe diseases with poorer response to
treatments [30].

Overall, there is a complex interplay among
immune, genetic and environmental factors
contributing to the pathogenesis of RA ILD
(Fig. 1) [22].

Pathogenesis of RA-Bronchiectasis

Bronchiectasis is defined as the irreversible
dilatation and damage of the bronchi [31]. It is
associated with rheumatoid arthritis and can be
either isolated or secondary to traction, as an
expression of surrounding fibrosis, often seen in
ILD. Although traction bronchiectasis is not
considered to be associated with a productive
cough and suppurative lung disease, in clinical
practice this is seen, particularly when individ-
uals are immunosuppressed and have bacterial
colonization [32]. The prevalence of symp-
tomatic free-standing bronchiectasis with RA is
between 2 and 12% [33] but asymptomatic
disease prevalent on a HRCT is much higher,
between 30 and 50% [34]. Interestingly,
bronchiectasis may precede articular manifes-
tations of RA [35] but is most often seen as a
delayed complication of RA, possibly related to
immunosuppression predisposing to recurrent
infection [36]. However, the fact that patients
with other CTDs such as systemic sclerosis or
anti-synthetase syndrome-associated lung
involvement only very rarely develop free

Fig. 1 Pathogenesis of RA-ILD
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standing bronchiectasis makes this less likely as
the main mechanism.

Of note, small airway involvement (bron-
chiolitis), even in the absence of free-standing
bronchiectasis, is common in RA and is
observed on chest high-resolution computed
tomography (HRCT) in almost two-thirds of
patients, with or without associated ILD [37].

The exact pathogenesis of RA-bronchiectasis
remains poorly understood. In addition to the
vicious cycle hypothesis of chronic infection
leading to recurrent inflammation and airway
damage (Fig. 2), risk factors such as positive
autoantibodies (e.g., RF and ACPA), CFTR
mutations (F508Del) and HLA associations
(particularly HLADQB1) have been identified
[38, 39].

The role of chronic bacterial infections in
inducing autoimmunity in bronchiectasis alone
and RA-associated bronchiectasis has also been
explored. The frequency and titers of RF and
ACPA are increased in bronchiectasis and RA-
bronchiectasis compared to RA patients without
lung disease, after adjusting for smoking history
[40, 41]. Furthermore, citrulline specificity of
ACPA was increased approximately two-fold in
RA-bronchiectasis compared to bronchiectasis
alone [40]. Overall, this suggests that presence

of these antibodies in bronchiectasis may
potentiate the exacerbation of the autoimmune
response in RA even before the articular mani-
festations develop.

The Bronchiectasis, Asthma, Control,
Rheumatoid Arthritis (BRAC) study prospec-
tively looked at the relationship between
bronchiectasis and RA antibodies. Comparison
was made among three groups of patients with
bronchiectasis, asthma and a group of controls
[40]. RF positivity was 25%, 16% and 10.3%,
respectively, in each group. In the RF-positive
bronchiectasis group, 13% (4 patients) were also
ACPA positive compared to no ACPA identified
in the asthma/control groups. The ACPA
response in patients with bronchiectasis was
not citrulline specific, suggesting epitope
spreading to citrullinated peptides in patients
who subsequently develop RA. Importantly,
half of the individuals with strongly positive
ACPA subsequently developed RA within
12 months. This supports the role of autoim-
munity in some individuals with bronchiectasis
and subsequent development of RA-bronchiec-
tasis. A multicenter randomized control trial
[42] has identified RA-bronchiectasis overlap to
be an independent risk factor for mortality
(28% in RA-bronchiectasis overlap vs. 18% in
RA alone and 9% in bronchiectasis alone over a
period of 48 months). These findings suggest
that antibody positivity in RA-bronchiectasis
may be associated with a poorer prognosis, but
further randomized control trials are needed to
compare mortality and prognosis with non-an-
tibody-positive RA-bronchiectasis.

Genetic predisposition to RA-bronchiectasis
has been investigated, and the role of cystic
fibrosis transmembrane regulator (CFTR) muta-
tions has been identified. In a small French
study, a heterozygous CFTR mutation in
F508Del was identified in 15.4% of patients
with RA-bronchiectasis versus none in the RA or
bronchiectasis groups individually [43].

In a family-based study by the same group
[44], the frequency of general CFTR mutations
was higher in family members with RA-
bronchiectasis or bronchiectasis only compared
to unaffected relatives and to unrelated healthy
controls but not to family members with RA
only, suggesting an association between CFTRFig. 2 Cole’s vicious cycle hypothesis
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mutations with bronchiectasis and RA. CFTR
mutations were five-fold more frequent in
family members with RA-associated bronchiec-
tasis than in those with RA only [44]. Similarly
to RA-ILD, certain HLA alleles have been linked
with RA-associated bronchiectasis. These
include DQB1*0601, DQB1*0301, DQB1*0201
and DQA1*0501 [45]. Their clinical significance
is not yet clear and requires further research.

ROLE OF ACPA IN CLINICAL
PRACTICE

ACPAs have been shown to develop up to
14 years before the onset of clinical RA [10].
However, there are no clear predictors as to who
will develop clinical manifestations of disease or
when these features will be detected. In a group
of patients with positive ACPA and connective
tissue disease, 6.1% developed RA over 8.9 years
and titers were higher in patients with a diag-
nosis of RA compared to the non-RA/CTD group
[46]. The presence of ACPA in the context of RA
is important as it can be used as a marker of
prognosis for erosions and disease severity [47].
In clinical practice, when ACPAs are detected in
individuals with only ILD or bronchiectasis, it is
unclear whether antibody levels correlate with
pulmonary disease severity or if the treatment
strategy needs to be altered. A research group
first explored this in 2012 in a group of subjects
with lung disease and autoimmune antibodies
but no extrapulmonary manifestations of
autoimmune disease. These included individu-
als with isolated airway disease, isolated ILD,
mixed airways disease and ILD, and combined
ILD and emphysema. There was no correlation
between ACPA presence and HRCT changes in
this study. In the cohort of patients with high
titer ACPA, 9% of subjects developed articular
rheumatoid arthritis over 1.2 years of median
follow-up, while no patients in the medium or
low ACPA titer groups developed RA [4]. Inter-
estingly most patients in the total cohort had a
smoking history, which as previously described
is linked to ACPA. The presence of high ACPA
titers is also associated with shared epitope
alleles, higher inflammatory markers (IL-6 and

c-reactive protein) and presence of rheumatoid
nodules [48].

A recent systematic review surmised that
individuals with RA-ILD have higher ACPA
titers than those with RA alone. Higher ACPA
titers are associated with more extensive lung
involvement. The quality of evidence however
was rated as low or very low [48–50]. Reticula-
tion, honeycombing or traction bronchiectasis
on CT scan seems to be two-fold more promi-
nent in APCA-positive patients compared to
those who were negative, suggesting that usual
interstitial pneumonitis (UIP) is more common
in those with higher ACPA levels. Furthermore,
higher ACPA levels are also associated with
worse lung function [48].

Interstitial pneumonia with autoimmune
features (IPAF) has been suggested as a research
entity to include those patients with ILD with-
out evidence of another known cause of inter-
stitial pneumonia and incomplete features of
CTD [51]. To meet criteria for IPAF at least one
feature of at least two out of three domains
must be reached (serological, clinical, morpho-
logical). All the idiopathic interstitial pneumo-
nia patterns except for UIP count as a feature in
the morphologic domain, whereas in the pres-
ence of a UIP pattern, at least one feature in the
clinical and serologic domains needs to be pre-
sent, unless there is an additional morphologic
feature [51]. IPAF criteria are met in up to 25%
of ILD patients and will include patients pre-
senting with ILD and ACPA but no articular
manifestations of RA, provided there is an
additional feature from the clinical or mor-
phological domain if the pattern is UIP. Indi-
viduals with CTD-ILD are more likely female
and with higher incidence of joint pain, sicca
symptoms and Raynaud’s phenomenon;
patients with IPAF are more likely have high Ro-
52 titers and more honeycombing and pleural
thickening on HRCT and to present primarily
with respiratory symptoms [52]. Interestingly, a
MUC5B minor allele is associated with a worse
survival in the context of IPAF, whereas it has
been associated with a better survival in IPF in
some, but not all, studies [53].

The presence of ACPA in the context of lung
disease may lead to intensification of the search
for underlying RA and raises questions as to
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treatment choices, whether patients with ILD
and ACPA should be treated as RA ILD rather
than idiopathic pulmonary fibrosis/ILD. The
treatment challenge lies in the fact that ILD can
occur at any point in a patient’s journey with
RA. Treatment for the joints may not be effec-
tive for treating ILD and vice versa [6]. ACPA
titers in the context of RA can be used to
monitor disease activity. Up to 25% reduction
in levels has been noted in half of the patients
on treatment. Both rituximab and abatacept
have been shown to reduce ACPA levels in
responders in RA patients [54, 55]. Some reports
have noted this with anti-TNF therapy but not
consistently. The usefulness of assessing ACPA
levels in the context of RA-ILD is less well
understood, and further research is warranted.

TREATMENT OF RA-ILD AND RA-
BRONCHIECTASIS

Pharmacological Interventions in RA-ILD

There are no treatment guidelines for the
management of RA-ILD. Current evidence is
based on retrospective data and small studies.
Corticosteroids have been shown to improve
lung function, particularly in those with NSIP,
but their use increases the risk of infection at
doses[ 10 mg [53, 55, 56]. In the context of a
UIP pattern, it is unclear whether immunosup-
pression may have similar adverse outcomes as
seen in the PANTHER trial for IPF [53]. On the
other hand, Song et al. [55] describe a small
retrospective series where half of patients with
RA-UIP treated with immunosuppression either
improved or had stable lung function. Recent
large case control studies have suggested that
treatment with methotrexate may delay the
onset of ILD in patients with RA [57].

Cyclophosphamide and mycophenolate
have been investigated with RCTs in systemic
sclerosis-associated ILD, with MMF having a
better side effect profile compared to
cyclophosphamide [55, 56, 58–60]. Azathio-
prine is also an option [56, 61]. However, none
of these immunosuppressants have been evalu-
ated in controlled clinical trials in RA-ILD.
There are conflicting data regarding the safety

of anti-TNF therapy, with concerns about its
association with acute exacerbations of the ILD.
Retrospective studies have suggested abatacept
as a safe treatment for RA-ILD, although con-
trolled prospective trials are needed; one is
currently ongoing (APRIL Trial) [6, 62, 63]
(Table 1). Rituximab has been used for the
treatment of RA-ILD, although rituximab-in-
duced pulmonary toxicity is a concern and
needs to be evaluated prospectively [64]. Addi-
tionally, rituximab results in depletion of B
cells, secondary immunodeficiency, recurrent
infections and de novo bronchiectasis [65–67].
Tofacitinib has been noted to be associated with
a low incidence of RA-ILD (0.18 per 100 patient-
years) and is used to treat articular manifesta-
tions. It may therefore be a good treatment
option in the future. Trials are ongoing com-
paring tofacitinib versus methotrexate in the
treatment of ILD [55, 68] (Table 1).

Antifibrotic agents (e.g., nintedanib and pir-
fenidone) remain a treatment possibility in this
cohort. As described, there is considerable
overlap between IPF/IPAF and RA-ILD with the
MUC5B gene being a potential link. Both are
more frequent in older male patients with a
smoking history. Treating both the fibrotic and
inflammatory components may provide addi-
tional benefit; therefore, several trials are now
underway looking at the safety and efficacy of
these agents in RA-ILD. Efficacy data are avail-
able for nintedanib from the INBUILD trial. A
significant reduction in the rate of FVC decline
was seen across ILD entities, including RA-ILD,
which had progressed despite conventional
treatment [6, 69]. The RCT TRAIL 1 using pir-
fenidone in treatment of RA-ILD is still under-
way [53, 70] (Table 1).

RA-ILD has a 10-year mortality of 60% [71]
promoting the need to ‘‘treat to target’’ as we do
with patients with florid synovitis. It is unclear
what the future holds, but it is likely that
treatment regimens will include antifibrotic
agents alongside immunosuppressive medica-
tion in selected subgroups. Treatment will
require an MDT approach and will need to be
individualized based on the patient demo-
graphics and pattern of disease involvement as
well as comorbidities. The challenge of treating
both articular and pulmonary symptoms
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remains with few agents having an impact on
both.

PHARMACOLOGICAL
INTERVENTIONS IN RA-
BRONCHIECTASIS

Research is needed in this area to improve
management of RA-bronchiectasis. The identi-
fication of ACPA is useful to phenotype indi-
viduals with the hope of future personalization
of bronchiectasis treatments. It is plausible that
systemic inflammation can drive bronchiectasis
progression and severity and that suppressing
RA-related systemic inflammation could atten-
uate this. In contrast, airway inflammation is
thought to be a trigger for citrullination; opti-
mal control of bronchiectasis-related airway
inflammation may attenuate antibody forma-
tion. However, targeting both airway and/or
systemic inflammation may be associated with
bacterial colonization, overgrowth and infec-
tions that further drive bronchiectasis patho-
gens. Bronchiectasis management in the
context of associated RA involves interventions
aimed at breaking the cycle in Cole’s vicious
cycle hypothesis. Infective exacerbations are
treated with 10–14-day courses of antibiotics.
Azithromycin is used for its immunomodula-
tory properties in those with frequent exacer-
bations. In the presence of bacterial

colonization and frequent exacerbations, pro-
phylactic oral or nebulized antibiotics are often
used. Individuals with RA-bronchiectasis are
often receiving DMARDs and biological thera-
pies that suppress immune function, which
results in frequent infections. The impact of
biological therapies on respiratory infection risk
has been reviewed elsewhere [50]. Prophylactic
antibiotics are useful but in some cases modifi-
cation of immunosuppression therapy is nee-
ded. It is also important to evaluate individuals
for the presence of secondary antibody defi-
ciency as immunoglobulin replacement may be
necessary.

NON-PHARMACOLOGICAL
INTERVENTIONS IN RA-ILD
AND RA-BRONCHIECTASIS

Regular airway clearance with physiotherapy
techniques, airway adjuncts and mucolytics is
the mainstay of treatment in bronchiectasis.

Annual influenza vaccination is recom-
mended, and consideration should be given for
pneumococcal vaccination with PCV13 fol-
lowed by PPV23 2 months later at least 2 weeks
prior initiation of immunosuppressive medica-
tion in both RA-ILD and RA-bronchiectasis [72].
As smoking is an important factor in the
pathogenesis of both conditions, advising

Table 1 Current trials involving treatment of rheumatoid arthritis and interstitial lung disease

Name/NCT Drug Design Primary outcome Status

APRIL

NCT 03084419

Abatacept Open Label Change in FVC at 24 months Recruiting

TRAIL 1

NCT02808871

Pirfenidone (phase

2 study)

Randomized double blind

placebo control

Progression-free survival over

52 weeks

Recruiting

PULMORA

NCT04311567

Tofacitinib vs.

methotrexate

Open label Change in total ILD score by

HRCT at 24 weeks

Recruiting

NCT04928586

(New)

DMARDS and

pirfenidonea
Prospective cohort study Change in FVC and DCLO in

12 months

Recruiting

a In CTD-ILD, including RA-ILD
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smoking cessation is recommended to all
patients with RA-ILD and RA-bronchiectasis.

CONCLUSIONS

The current literature suggests that ACPA levels
are higher in patients with RA-ILD and RA-
bronchiectasis and associated with more severe
lung disease. Patients with RA-bronchiectasis
and positive ACPA may go on to develop artic-
ular manifestations of RA within a year of
diagnosis. Higher ACPA titers do not predict the
development of articular RA, but the presence
of ACPA alone is a predictor of articular RA over
several years. Although ACPA levels drop with
some treatments, it is still unclear whether they
can be used as biomarkers of lung disease
activity. There are no clear treatment pathways
for patients with RA-ILD, and on every occasion
an MDT approach is advised.
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Maśliński W. The role of anti-citrullinated protein
antibodies (ACPA) in the pathogenesis of rheuma-
toid arthritis. Cent J Immunol. 2017;42(4):390–8.

12. Perry E, Kelly C, Eggleton P, De Soyza A, Hutchin-
son D. The lung in ACPA-positive rheumatoid
arthritis: an initiating site of injury? Rheumatology
(Oxford). 2014;53(11):1940–50.

13. Hensvold AH, Magnusson PKE, Joshua V, Hansson
M, Israelsson L, Ferreira R, et al. Environmental and
genetic factors in the development of anticitrulli-
nated protein antibodies (ACPAs) and ACPA-posi-
tive rheumatoid arthritis: an epidemiological
investigation in twins. Ann Rheum Dis. 2015;74(2):
375–80.

14. Catrina AI, Deane KD, Scher JU. Gene, environ-
ment, microbiome and mucosal immune tolerance
in rheumatoid arthritis. Rheumatology (Oxford).
2016;55(3):391–402.

15. Scher JU, Joshua V, Artacho A, Abdollahi-Roodsaz S,
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vaccination in immunocompromised hosts: an
update. MDPI AG. 2021;9(6):536.

Rheumatol Ther (2021) 8:1463–1475 1475


	A Closer Look at the Role of Anti-CCP Antibodies in the Pathogenesis of Rheumatoid Arthritis-Associated Interstitial Lung Disease and Bronchiectasis
	Abstract
	Introduction
	Pathogenesis of RA-ILD and RA-Bronchiectasis
	Pathogenesis of RA-ILD
	Pathogenesis of RA-Bronchiectasis

	Role of ACPA in Clinical Practice
	Treatment of RA-ILD and RA-Bronchiectasis
	Pharmacological Interventions in RA-ILD

	Pharmacological Interventions in RA-Bronchiectasis
	Non-Pharmacological Interventions in RA-ILD and RA-Bronchiectasis
	Conclusions
	Acknowledgements
	References




