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Summary

The lungs and pleura are frequently sites of extra-
articular involvement in rheumatoid arthritis (RA).
Pleural disease and pulmonary nodules occur rela-
tively frequently in the course of RA, and often are
manageable by medical or surgical approaches. RA
patients may develop both obstructive and restric-
tive lung disease. Obstructive lung disease may de-
velop due to bronchiectasis, small airway disease
(constrictive and follicular bronchiolitis), and
cricoarytenoid involvement. Restrictive lung dis-
ease due to a diffuse fibrotic interstitial pneumonia
(usually caused by the usual interstitial pneumonia
or the non-specific interstitial pneumonia patterns)
occurs in around 17% of RA patients throughout
the course of the disease. The treatment of RA-as-
sociated interstitial lung disease is challenging. Al-
though immunosuppressive medications and cyto-
toxic agents are often used to treat RA-associated
interstitial pneumonia, there is no convincing evi-
dence that any of the available drugs alter disease
course or improve lung function. RA-associated ob-
structive and restrictive lung diseases profoundly
affect patient wellbeing, response to therapy,
choice of immunosuppression, and overall sur-
vival. Recent advances in the understanding of RA
pathogenesis, the increased appreciation of ciga-
rette smoke as a key predisposing factor of
seropositive RA, and the emergence of novel bio-
logic therapies hold promise for the development of
more effective preventative and therapeutic strate-
gies for lung complications in RA.
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Lung disease manifestations in rheumatoid arthritis

Rheumatoid arthritis (RA) is a chronic inflammatory dis-
ease characterized by joint inflammation and varying
degrees of extra-articular involvement. RA affects ap-
proximately 1% of the population and markedly impacts
quality of life and survival (1). While most patients have
disease limited to the joints, other patients have promi-
nent extra-articular RA manifestations which may or
may not be accompanied by articular disease of equiva-
lent severity (2-4). RA-associated lung disease is a rel-
atively common and important extra-articular manifesta-
tion, and may occur in up to 50% of patients throughout
the course of disease (3, 5-8). RA-associated lung dis-
ease can manifest itself in different clinical contexts by
involving different lung compartments (airways, lung
parenchyma, pleura etc). This review will summarize
clinical, pathogenetic and management aspects of RA-
associated lung disease.

Interstitial lung disease
Several patterns of intersti-
tial lung disease (ILD) have / Detailed immuno- \
S e o | Mistochemical
smokers and seropositive CUEEIS GF arCE
RA patients than seronega- SPC'.at.ed Dl el
tive patients (2, 10-12). The | Significantly greater
most prevalent’interstiti.al in- |nterst|t_|al an_d peri-
jury patterns described in- b_ronchl_olar_ Ll
clude usual interstitial pneu- tion with immune

: e cells compared to
monia (UIP), non-specific in- idiophatic UIP.
terstitial pneumonia (NSIP), ’
and organizing pneumonia
(Figure 1) (5, 9, 12). Less com-
monly, desquamative interstitial pneumonia and other dif-
fuse injury patterns occur in RA (Figure 1) (12). UIP is the
most common histopathologic lesion associated with fi-
brotic interstitial lung disease in RA (5, 9, 13). The
histopathologic pattern of RA-associated UIP is general-
ly indistinguishable from idiopathic UIP (idiopathic pul-
monary fibrosis or IPF), although detailed immunohisto-
chemical analysis of RA-associated UIP shows signifi-
cantly greater interstitial and peri-bronchiolar infiltration
with immune cells compared to idiopathic UIP (14). Fi-
broblastic foci may be less prevalent in RA-associated
UIP compared to idiopathic UIP (15, 16). Radiographical-
ly, RA-associated UIP and NSIP are usually indistin-
guishable from the corresponding idiopathic forms of in-
terstitial pneumonia (9, 13). The prevalence of diffuse in-
terstitial lung disease in RA is not fully defined. Retro-
spective analyses suggest an overall lifetime prevalence
of approximately 17% (6). The natural course and re-
sponse to therapy of RA-associated ILD are also not well
defined. While organizing pneumonia occurring in RA is
generally corticosteroid responsive, many of the other
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Figure 1 - Summary of lung
biopsy findings in RA patients
with diffuse lung disease.

The Venn diagram shows pro-
portional distribution of lung
biopsy findings in the published
series on RA-associated diffuse
lung disease [(abstracted from
references (9, 12, 41, 71, 72)].
The numbers refer to percent-
age. UIP=usual interstitial pneu-
monia, NSIP=non-specific inter-
stitial pneumonia, OP=organiz-
ing pneumonia, DIP=desqua-
mative interstitial pneumonia.
Unclassified=includes a mixture
of pathologies including non-
specific granulomatous reac-
tion; granulomatous vasculitis;
lymphoid hyperplasia; and local-
ized pulmonary fibrosis.

UIP, 38.4

histopathologic injury patterns associated with RA are
partially, or non-responsive to corticosteroid or other im-
munosuppressive therapy. The natural history and prog-
nosis of RA-associated fibrotic ILD due to UIP or NSIP
have never been prospectively defined. Retrospective
analyses suggest that that RA-associated UIP has a
worse prognosis than RA-associated NSIP (5, 9, 12).

Airway disease
Obstructive lung disease
/ . . \ (defined as a forced expira-
Bronchiectasis are | iory volume in 1 second /
presentin 35% of pa- | forced vital capacity or
tients with early RA, | FEv,/FVC <70) is signifi-
suggesting that au- | cantly more prevalent in RA
toimmunity rather | patients than in the general
than chronic im- | population even after adjust-
munosuppression IS | ing for smoking (T Bongartz
more likely a cause | et al. manuscript under re-
of large airway dis- | yiew). Obstructive lung dis-
ease. RA patients | ¢gse in RA may be due to
with bronchiectasis | giseases affecting the large
may have a shorter | ajrways such as bronchiec-
life span than RA pa- | i5sjs and cricoarytenoid joint
tients without. involvement, or small airway
). " diseases due to follicular,
constrictive or mixed bronchi-
olitis (17-19). Large airway involvement due to
bronchiectasis is frequently identified by chest CT in RA
patients throughout the course of disease (8, 20). Small
airway involvement (bronchiolitis) is less common and
accurate estimates of prevalence in RA are not available
(18, 19). The chest high resolution computed tomogra-
phy scan (HRCT scan) is critical in the evaluation and
characterization of small and larger airway disease. A
constrictive bronchiolitis may be diagnosed in RA pa-
tients with obstructive lung disease on pulmonary func-
tion testing, and chest CT findings of bronchial wall
thickening with mosaic attenuation (18, 19). A follicular
or mixed follicular / constrictive bronchiolitis occurs
rarely in RA, and lung biopsy may be necessary for de-
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finitive diagnosis (18, 19). The cause for the increased
incidence of bronchiectasis in RA is unclear, and poten-
tially may be related to chronic infection / bacterial colo-
nization and chronic immunosuppression induced by
various medications to treat RA. However, a recent
study showed HRCT evidence of bronchiectasis in 35%
of patients with early RA (7), suggesting that autoimmu-
nity rather than chronic immunosuppression is more
likely a cause of large airway disease. It is possible that
RA patients with bronchiectasis have a shorter life span
than RA patients without (17).

Pleural disease

Pleurisy and effusions are
common in RA. Pleural in-
volvement is often painful
and may be associated with
an exudative pleural effu-
sion which characteristically
has a low glucose level and
pH <7.20 (21). Cellular
analysis of pleural effusions
shows lymphocytic predomi-
nance (21). Rheumatoid factor

levels in RA-related effusions may be very high, and
when present, are very suggestive of a rheumatoid ori-
gin for the effusion (21, 22). Chylous pleural effusions
have also been reported to occur in RA (21).

High rheumatoid
factor levels in
pleural effusions
are very sugges-

tive of a rheuma-
toid origin for the
effusion.

Rheumatoid lung nodules

Rheumatoid nodules occur relatively frequently in skin
and subcutaneous tissues of RA patients. Nodules also
occur in the lungs and may cause diagnostic difficulty
with lung cancer, especially in patients with a smoking
history. Other clinical differential considerations include
infection (especially fungal and mycobacterial) and vas-
culitic conditions like granulomatosis with polyangiitis
(Wegener’s granulomatosis). Rheumatoid lung nodules
are often located in the subpleural regions and histolog-
ically are characterized by palisading histiocytes and gi-
ant cells (23). Positron Emission Tomography (PET) is
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/ N\ not helpful in the clinical dif-
R

heumatoid lung | ferentiation of RA lung nod-
nodules are often lo- | ules and lung cancer, as
cated in the sub- | many are false positives
pleural regions and | (Standardized Uptake Val-
histologically are | ues >2.5) (24). There is no
characterized by pal- | consensus regarding man-
isading histiocytes | agement of pulmonary nod-
and giant cells. | ulesin RA patients. The au-
Positron emission | thors use Fleischner criteria
Tomography (PET) is | to follow up these nodules
not helpful in the clin- | (25). Biopsy, surgical resec-
ical differentiation of | tion and/or close radiologic
RA lung nodules and | follow up with chest CT is in-
lung cancer, as many | dicated in patients with nod-
are false positives. ules >1.0cm in size, espe-

\ / cially if there is a prior histo-

ry of smoking.

Drug-induced toxicity
Many of the medications

/ \ used to treat articular RA

Many case reports have the potential of induc-
and case series de- | INg lung toxicity that usually
scribe the develop- manifests with diffuse lung
ment or worsening infiltrates. The potential of
of established ILD in | Medication-induced  pul-
RA patients on anti- | Monary toxicity must always
TNFo therapy. These be considered in the differ-
studies raise caution | €ntial diagnosis of diffuse
regarding the use of lung infiltrates, especially
TNFa inhibithors in | With patients on methotrex-

RA patients with es- ate therapy (26). A pneu-
tablished ILD. monitis  associated  with

methotrexate use has been
\ / reported to occur in up to 5%
of RA patients; however it is
very uncommon with doses <20mg per week (27, 28).
The use of tumor necrosis factor alpha (TNFo) inhibitors
in RA has also been associated with the development of
diffuse lung disease (29). Many case reports and case se-
ries describe the development or worsening of estab-
lished ILD in RA patients on anti-TNFa therapy (29-31).
These studies raise caution regarding the use of TNFa in-
hibitors in RA patients with established ILD. Although a
definitive link between the use of TNFa inhibitors and ILD
development has never been established, it is prudent to
avoid these agents in RA patients with established lung
disease and consider alternative treatment options. The
overall risk of de novo ILD development with TNFa in-
hibitors is however likely very low, as shown in an analy-
sis of 5000 patients with RA treated with TNFa inhibitors
in Japan that reported a 0.5% occurrence of ILD over a 6
month period following the initiation of infliximab (32).
Leflunomide, sulphasalazine and other medications used
to treat RA have also been associated with pulmonary
toxicity (33, 34). A prior history of ILD and prior methotrex-
ate use seems to increase the risk of lung toxicity from
leflunomide and TNFa inhibitor therapy (35, 36).

Rheumatoid lung disease without arthritis

In the initial clinical evaluation of patients with diffuse in-
terstitial infiltrates, antibodies to rheumatoid factor (RF)
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and cyclic citrullinated pep-
tides (CCP) are frequently
obtained in an attempt to
identify —an  underlying
rheumatologic process,
even in the absence of joint
symptoms. It is now well rec-
ognized that some patients
with ILD have positive titers
of either or both RF and CCP
antibodies but do not have ar-

ticular symptoms. The interpretation of positive RF or
CCP titers in this context is an area of some controversy:
while some experts regard these patients as having “lung-
dominant” rheumatoid disease (37), others consider
these patients as simply having ILD with positive RF and
CCP antibodies of indeterminate clinical significance.

A representative clinical case recently seen in our clinic
was of a 77-year-old female whose primary complaint
was progressive dyspnea on exertion. On physical ex-
amination, fine crackles were heard in the lung bases,
and serologic evaluation showed markedly positive RF
and CCP serologies. She denied any arthritic symp-
toms. Her chest CT scan showed evidence of bilateral
subpleural reticular opacities associated with traction
bronchiectasis without any definite honeycombing (Fig-
ure 2). X-rays of the hands did not show any erosive
arthropathy. The patient did not meet American College
of Rheumatology criteria for RA (38). This case raises a
few questions. Does the patient have a lung-dominant
form of RA without articular disease? Is this an idiopath-
ic interstitial pneumonia with co-incidental positive RF
and CCP? Does it matter? Is the treatment any different
because of a positive antibody test?

Recent observations provide a starting point from
which these questions may be addressed. While the
cause of RA remains unknown, it is now apparent that
serologic evidence of autoimmunity (RF and CCP anti-
bodies) may predate the onset of articular symptoms
by many years (39, 40). Thus it is very plausible that a
proportion of RA patients will experience extra-articular
manifestations years prior to the onset of joint symp-
toms. A recent study by Fischer and colleagues de-
scribed a cohort of 74 individuals with anti-CCP anti-
bodies and lung disease in the absence of articular dis-
ease (41). Radiographic characterization of the lung
disease showed airway disease in 54%, isolated ILD in
14%, mixed interstitial and airway disease in 25%, and
combined fibrosis and emphysema in 7% (41). That
study showed that only 3 individuals developed articu-
lar manifestation of RA during the study period (medi-
an follow up of 449 days), and all had significantly ele-
vated CCP titres that ranged from 92 to 175IU (41).
These observations imply that autoimmunity associat-
ed with RA may occur in the absence of articular man-
ifestations, at least early in the disease course. It is
possible that cigarette smoke and other injuries to the
airways and lung parenchyma may precipitate the on-
set of lung-dominant RA in certain individuals. Whether
the lung itself may the site of the initial development of
RA-specific autoimmunity, and the potential role of
smoking in the induction of injury and development of
autoimmunity, are hypotheses that are currently under
investigation (Taneja and Vassallo, manuscript in
preparation).

A proportion of
RA patients expe-
riences extra-ar-
ticular manifesta-

tions years prior
to the onset of
joint symptoms.
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Figure 2 - Lung-dominant RA.

Representative chest CT image findings in a patient with
diffuse interstitial lung disease with positive CCP antibody
and no clinical arthritis or radiographic joint erosions. The
representative image from the upper lobe (upper panel)
shows bilateral subpleural reticular opacities. The represen-
tative image from the lower lobes (lower panel) shows sub-
pleural reticular opacities associated with traction
bronchiectasis.

Treatment of rheumatoid lung diseases:
challenges and opportunities

/s

A patients with bronchiec-
tasis should be managed in
an identical fashion as
those with idiophathic
bronchiectasis. RA lung
nodules typically do not
cause symptoms or lung
function impairment and
usually do not require spe-
cific therapy.

\ The treatment of
RA-associated dif-
fuse lung diseases
is challenging.
Whether therapy of
articular and sys-
temic inflammation
alters the natural
course of RA-asso-
ciated lung mani-
festations is un-

known. Treatment
/ should be individu-
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alized to each patient depending on the type of RA-lung
manifestation, the severity of lung dysfunction, the ex-
tent of pulmonary symptoms, and patient tolerability to
available immunosuppressive agents. All active smok-
ers with RA should be counseled to stop smoking and
be advised of the link between smoking and RA (Figure
3) (42-46).

Suspected drug-induced pulmonary reactions should
first be managed by withdrawal of the offending drug.
The role of corticosteroid therapy in the context of sus-
pected drug-induced interstitial pulmonary toxicity is
unclear, although it may be used in more severe cases
to expedite recovery. Pleural disease and effusions
generally respond to first and second-line agents used
to treat articular RA, including prednisone and
methotrexate. In some instances, surgical manage-
ment with pleurodesis may be necessary in large or
complex effusions.

RA patients with bronchiectasis should be managed in
an identical fashion as those with idiopathic bronchiec-
tasis. RA lung nodules typically do not cause symptoms
or lung function impairment and usually do not require
specific therapy. It is interesting to note a recent case
report that showed reduction in size of pulmonary nod-
ules following therapy with an interleukin-6 blocking
agent (47).

Treatment of RA-associated ILD is particularly challeng-
ing. Corticosteroid therapy is generally ineffective in the
management of RA-associated UIP. Whether corticos-
teroid therapy improves lung function in RA-associated
NSIP is unclear, and has never been demonstrated.
Methotrexate is generally avoided in this context due to
the potential of inducing a pulmonary drug reaction that
may be impossible to distinguish from progression of the
underlying diffuse lung disease. The roles of azathio-
prine and mycophenolate mofetil are unclear, but anec-
dotal experience suggests limited efficacy. Cyclophos-
phamide has been demonstrated to modestly improve
lung function and slow the rate of lung function decline
in patients with scleroderma-related ILD (48), but its role
in RA-ILD has never been studied prospectively or in a
randomized fashion. N-acetylcysteine, an anti-oxidant
that may have a very modest impact on the rate of de-
cline of lung function in idiopathic pulmonary fibrosis
(49), is sometimes also used to treat RA-ILD, but evi-
dence in support of its use is also lacking. Rituximab, an
antibody that binds the CD20 surface receptor on B cells
and induces depletion of antibody-forming cells, has
been tested in a small open-label study of 8 RA patients
with ILD (50). Although chest CT imaging and pul-
monary function testing showed stability in most patients
over the 48 week period of the study, there were two
recorded deaths in this group (50). The absence of a
clear therapeutic pathway for patients with RA-ILD pro-
vides opportunity for investigation and design of new
clinical trials aimed at identifying new treatment ap-
proaches for these patients. In this context, further re-
search on the basic mechanisms of disease develop-
ment in RA associated ILD are urgently needed. The
availability of several new agents such as inhibitors of
interleukin-6 (51), interleukin-17 (52), spleen tyrosine ki-
nase (Syk) (53), and Janus associated kinase (JAK)
(54) also provide an array of new therapeutic options
that may be considered in the management of RA-asso-
ciated interstitial disease.
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Figure 3 - Smoking and host ge-
netic factors co-operate in the
induction of seropositive RA.
Graph representing the com-
bined effect of smoking and dif-
ferent numbers of shared epi-
tope (SE) alleles (0-2) on the
relative risk of developing
seropositive RA. Figure repro-
duced with permission from ref-
erence (46).
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Cigarette smoke and RA

It is now well established that cigarette smoke is a pre-
ventable risk factor for RA (46, 55-58). Cumulative expo-
sure to cigarette smoke (pack years smoked) and host
genetic factors interact in this predisposition to RA. For
example, one study showed that the odds ratio of devel-
oping RA after having smoked 41-50 pack years is 13.54
(95% confidence interval 2.89 to 63.38) (59). Another
study showed that individuals with RA who smoked
>25pack years were 3.1 times more likely to be RF posi-
tive and 2.4 times more likely to have joint erosions than
non-smokers, suggesting that cumulative cigarette
smoke exposure influences development of autoimmuni-
ty and the severity of articular RA (10). Padyukov et al
(57) showed that genetic factors [human leukocyte anti-
gen-DR alleles encoding the so-called shared epitope
(SE)] and cigarette smoking interact to markedly increase
an individual’s risk of developing seropositive RA (Figure
3). While the epidemiologic association between smoking
and RA is quite apparent, the mechanisms by which
smoking mediates RA-specific autoimmunity are not well
understood. Cigarette smoke influences immunity in com-
plex ways. Both immune stimulatory and suppressive
functions of cigarette smoke have been described. For
example, cigarette smoke and cigarette smoke extracts
have been shown to both stimulate and suppresses cer-
tain dendritic cell functions (60-63). Dendritic cells ob-
tained from mice chronically exposed to cigarette smoke
or exposed to extracts from cigarette smoke show dimin-
ished T helper (Th)-1 cell cytokine production following
activation with stimulants like bacterial lipopolysaccharide
(60, 61, 63). On the other hand, cigarette smoke chal-
lenged dendritic cells produce an excess of
prostaglandins and inflammatory chemokines like CXCL8
(62), and survive longer in vitro (64). Cigarette smoke has
also been associated with an elevated ratio TNFo/sTNFR

released by immune cells, resulting in augmentation of
TNFa activity in RA patients who smoke (65). Cigarette
smoke may also preferentially promote the induction of T
lymphocytes polarized to preferentially secrete pro-in-
flammatory Th-17 type cytokines (66-68).

Cigarette smoke also affects protein citrullination, a
process by which post-translational modification of argi-
nine residues in a protein are converted into citrulline
(69). This process is not only restricted to synovial tissue
in RA patients but can also occur in extra-articular tis-
sues and has also been observed in patients with inter-
stitial pneumonia and nodules (56, 70). Smoking is asso-
ciated with increased citrullination of protein in the lung,
which is likely mediated by enhanced activity of smoking-
induced peptidylarginine deiminase (PAD) enzymes (56).
Based on epidemiological studies in humans, and stud-
ies in murine models, it may be speculated that cigarette
smoke-induced modulation of antigen presenting cell
function promotes autoimmunity by modifying presenta-
tion of autologous proteins via certain (HLA) molecules.
Smoking may be a critical signal to convert the asympto-
matic and genetically predisposed individuals to develop
clinical signs of disease. Studies are underway to delin-
eate the interaction between smoking and specific HLA
genes that have been shown to co-operate in the predis-
position to RA. In a scenario where smoking induces in-
flux of activated T cells to areas of tissue damage (for ex-
ample the lung during an infection), there may be avail-
ability of autologous proteins like vimentin whose modifi-
cation by citrullination and subsequent presentation may
lead to an autoreactive response. Vimentin is a potential-
ly highly relevant protein in this context as it is secreted
by macrophages that are present in greater numbers in
the lungs of smokers. Understanding specific mecha-
nisms by which smoking and host genetic factors interact
in the development of RAis critical in the development of
novel targets for therapy.
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