Chapter 8
Rheumatoid Arthritis-Associated Interstitial
Lung Disease

Julie Morisset and Joyce S. Lee

Introduction

Interstitial lung disease (ILD) is a frequent extra-articular manifestation of rheuma-
toid arthritis (RA) [1]. RA-ILD significantly impacts prognosis and is associated
with increased morbidity and mortality [2—4]. The diagnostic process can be chal-
lenging as the initial symptoms can be minimal or go unrecognized. Moreover, the
differential diagnosis of diffuse lung disease in RA encompasses a wide variety of
diagnoses ranging from drug-induced lung toxicities to opportunistic infection and
other types of RA lung disease (see Chap. 10). Due to its impact on prognosis and
quality of life, RA-ILD requires prompt diagnosis to ensure optimal care.

Epidemiology of RA-ILD

In 1948, Ellman and Ball reported the first case series of patients with rheumatoid lung
disease [5]. These three patients presented with diffuse lung disease on chest x-ray,
and the two available autopsies revealed chronic fibrotic pneumonitis. Since then, the
prevalence estimates of RA-ILD differ depending on the diagnostic definition, the
population being studied, and the mode of detection being used. A wide range of
prevalence estimates, varying between 1 and 58%, has been reported [1, 3, 6-16].
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High-resolution computed tomography (HRCT) is more sensitive than conventional
chest x-ray to detect ILD [17]. In a cohort of patients with a recent diagnosis of RA,
HRCT identified abnormalities compatible with ILD in 33% of patients, while chest
x-ray detected abnormalities in only 6% of patients [14]. HRCT has also been shown to
allow identification of subclinical ILD or interstitial lung abnormalities (ILA) in patients
with RA without any respiratory symptoms. These radiographic abnormalities are seen
in up to 44% of RA patients [7, 14, 18, 19]. Furthermore, in population-based studies,
the 30-year incidence of clinically significant RA-ILD has been reported to vary between
6 and 8% of patients with RA [2, 20]. Although ILD is a common extra-articular mani-
festation of RA, it is believed to still remain under-recognized [21].

Risk Factors

Several risk factors have been linked to the development of RA-ILD (Table 8.1).
Increased age has been identified as a significant predictor of RA-ILD [21, 22]. On
multivariable regression analysis in a cohort of 356 RA patients, age greater than

Table 8.1 Risk factors for the development of rheumatoid arthritis-associated interstitial lung
disease (RA-ILD)

Risk factor | Study/year Details
Age Doyle et al. [21]/2015 Older age associated with clinically evident RA-ILD
(AUC =0.8)
Mori et al. [22]/2012 Age > 65; relative risk ratio for RA-ILD: 4.58 95%CI
(1.67-12.53)

Male gender | Mori et al. [22]/2012 Male gender relative risk ratio for RA-ILD: 1.45
95%CI (0.36-5.84)

Kelly et al. [23]/2014 Male gender associated with RA-ILD: OR 1.67 95%
CI(1.2-2.2)

Weyand et al. [24]/1998 | RA-ILD more frequent in male patients (p < 0.001)

Smoking Doyle et al. [21]/2015 Ever-smoking history associated with clinically
history evident RA-ILD (AUC = 0.56)

Kelly et al. [23]/2014 Ever-smoking history associated with RA-ILD: OR
1.91 95% CI (1.3-2.7)

Rheumatoid | Doyle et al. [21]/2015 Positive RF associated with clinically evident
factor (RF) RA-ILD (AUC = 0.69)

Mori et al. [22]/2012 Positive RF relative risk ratio for RA-ILD: 3.14 95%
CI(1.17-8.42)

Kelly et al. [23]/2014 Positive RF associated with RA-ILD: OR 2.81 95%

CI(1.8-4.1)
Anti-cyclic | Doyle et al. [21]/2015 Positive CCP antibody associated with clinically
citrullinated evident RA-ILD (AUC = 0.76)
peptide Mori et al. [22]/2012 Positive CCP antibody relative risk ratio for RA-ILD:
(CCP) 2.7395% CI (0.91-8.23)

antibody Kelly et al. [23]/2014 Positive CCP antibody associated with RA-ILD: OR
2.8195% CI (1.8-4.1)

Giles et al. [27]/2014 Higher titers of CCP antibodies associated with
higher ILD score (p = 0.001)

AUC area under the curve, OR odds ratio
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65 years was associated with a 4.58-fold increased risk of ILD [22]. Male gender is
also independently associated with RA-ILD [22-24]. In a multicenter cohort of 230
RA patients, male gender was found to be a significant predictor of RA-ILD (OR
1.67,95% CI = 1.2-2.2) [23]. Smoking history is associated with an increased risk
of RA [25, 26] and a greater risk of developing RA-ILD [21, 23]. The severity of
RA may also be influenced by smoking exposure in a dose-dependent manner [26].
The presence of either rheumatoid factor (RF) or anti-cyclic citrullinated peptide
(CCP) has also been found to be significant predictors for the development of ILD
in RA [21-23]. There may be a relationship between the titer of CCP antibodies and
the risk of ILD, as higher titers of CCP have been shown to correlate with more
extensive RA-ILD on HRCT [27]. Finally, a model including a combination of
these risk factors (older age, male sex, ever-smoking history, positive RF, and posi-
tive CCP) has an area under the curve between 0.82 and 0.86 to predict clinically
evident RA-ILD and between 0.89 and 0.98 to predict subclinical ILD [21].

Clinical Presentation of RA-ILD

ILD can be diagnosed in the setting of long-standing RA, be identified at the time
of RA diagnosis, or precede the onset of the articular symptoms [23, 28-33].
Patients with RA-ILD commonly report dyspnea (at rest and/or on exertion), exer-
cise limitation, and dry cough [32, 34-37]. Shortness of breath can be minimal or
difficult to recognize in the earlier stage of the lung disease given the physical limi-
tation associated with their articular disease [38]. Less frequently, patients may
present with chest pain, wheezing, and productive cough [39, 40].

Some patients with RA are identified to have subclinical ILD or ILA and don’t
report clinical symptoms, although their high-resolution computed tomography
(HRCT) and/or pulmonary function tests are abnormal [14, 18, 21]. In a cohort of
RA patients, Doyle et al. described the clinical characteristics of patients with ILA
on HRCT [41]. Although patients with ILA had an array of disease severity and
functional impairment, they were more likely to have lower forced expiratory vol-
ume in 1 s (FEV1) and forced vital capacity (FVC) % predicted than patients with-
out ILA [41]. The clinical significance of subclinical ILD in RA remains to be
determined, although some data suggest that the radiological abnormalities will
progress over time in a subset of patients [7, 42].

Diagnostic Evaluation of Patients with Suspected RA-ILD

Although RA-ILD frequently presents as respiratory symptoms in patients with a
known diagnosis of RA, the onset of ILD has been reported to occur prior to the
diagnosis of RA [23]. Accordingly, patients being investigated for a new diagno-
sis of an ILD should be questioned about symptoms that may suggest an underly-
ing connective tissue disease (CTD). Moreover, physicians often perform
serologic testing (including RF and CCP antibodies) in their initial work-up to
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screen for the presence of an occult CTD [43]. Sometimes the work-up of ILD
will lead to a clear diagnosis of RA, while another subset of patients with ILD
will have a positive serologic profile without clinical evidence of RA [29]. A
cohort of 74 patients with lung disease and positive CCP antibodies but no clini-
cal evidence of RA has been described [29]. In this cohort, only 3 patients (9%)
went on to develop articular manifestations of RA after a median follow time of
449 days [29]. This study supports the hypothesis that the lung may be an initial
site in the pathogenesis of RA [33, 44, 45]. More studies are needed to better
understand the natural history of these patients with ILD and positive serologies
for RA but no clear RA diagnosis [46].

The development of respiratory symptoms in patients with RA or the presence of
articular symptoms in a patient being evaluated for ILD should raise the suspicion
of RA-ILD (Fig. 8.1). In patients with RA, other types of RA lung disease need to
be considered [47], as well as the exclusion of drug toxicity and opportunistic infec-
tion [38]. ILD has been reported as a potential complication of many drugs used for
the management of RA like methotrexate, TNF-alpha inhibitors, rituximab, tocili-
zumab, cyclophosphamide, and leflunomide [48-52]. Patients on immunosuppres-
sive medications are at higher risk of opportunistic infections that can cause diffuse

Known diagnosis

A ————————> [ Pulmonary function tests

New ILD diagnosis

Clinical history, physical exam
and/or serologic testing suggestive
of RA

- J _ Abnormal
Respiratory symptoms |~

Exclude other type of RA lung
disease, drug toxicities
and opportunistic
infections

‘ Rheumatology consultation

Gagnosis

Fig. 8.1 Diagnostic approach to patients with rheumatoid arthritis-associated interstitial lung dis-
ease. When evaluating patients with a known diagnosis of rheumatoid arthritis (RA) presenting
with respiratory symptoms, clinicians should perform appropriate investigations to exclude other
types of RA lung disease, drug toxicities, and opportunistic infections. Pulmonary function tests
and high-resolution computed tomography should be performed to better characterize the lung
disease and its functional impairment. In patients being evaluated for a new ILD diagnosis, symp-
toms and signs, on either clinical history and physical exam or serologic testing suggestive of RA,
should prompt a referral to rheumatology. In either clinical scenario, RA-ILD can be diagnosed
when both a diagnosis of RA and ILD can be established. Abbreviations: RA rheumatoid arthritis,
HRCT high-resolution computed tomography, /LD interstitial lung disease, RF rheumatoid factor,
CCP anti-cyclic citrullinated peptide
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lung disease and mimic ILD (e.g., Pneumocystis jirovecii, Mycobacterium, or fun-
gal infections) [53].

A complete clinical history and physical exam are the first steps in the evalu-
ation. Patients may report non-specific respiratory symptoms such as shortness
of breath, cough, wheezing, or chest pain [32, 33, 37]. The physical exam may
reveal crackles, but clubbing, wheezing, or signs of right heart failure can also
be present [6, 7].

HRCT is essential in the evaluation of patients with suspected RA-ILD. It
allows for the characterization of the radiological pattern and assessment of the
disease severity [11, 39, 54]. Ground-glass opacities and reticulations are the
most common HRCT findings [54]. The most frequently encountered HRCT pat-
terns are usual interstitial pneumonia (UIP), non-specific interstitial pneumonia
(NSIP), and organizing pneumonia (OP) [54]. Similar to IPF, HRCT has been
shown to be an effective tool to identify the UIP pattern in RA-ILD. The presence
of UIP pattern on HRCT is highly specific for the presence of UIP pattern on sur-
gical lung biopsy [55].

Pulmonary function tests (PFTs) are also fundamental to assess the physiologic
severity of RA-ILD and are a useful test to monitor disease activity over time.
Among patients with RA, up to 30% of patients will have abnormal PFTs [40].
Common findings on PFTs include evidence of restriction and a reduced diffusion
capacity (DLCO) [36, 37, 41].

Bronchoscopy and bronchoalveolar lavage (BAL) are often not required in the
work-up of patients with RA-ILD because it adds little value to the diagnostic pro-
cess, unless there is a high suspicion for infection [56]. Cellularity may be increased
in the BAL of these patients [57], although this does not correlate with extent of
disease on HRCT [56]. BAL can be useful to exclude an opportunistic infection
when clinically suspected [38, 56].

Similar to other forms of CTD (e.g., scleroderma), a surgical lung biopsy is
rarely required in the diagnosis of RA-ILD [38]. At this time, the identification of
the underlying histopathologic pattern is not part of the diagnostic and treatment
algorithm of patients with RA-ILD. Surgical lung biopsy may be indicated in cases
where the etiology of the lung disease is not clear in an RA patient. In patients with
RA-ILD who undergo a surgical lung biopsy, the most frequently reported histo-
pathologic patterns are UIP, NSIP, OP, lymphocytic interstitial pneumonia, and dif-
fuse alveolar damage [58, 59].

Currently, there are no biomarkers that are diagnostic for RA-ILD or have utility
in predicting disease progression. Doyle et al. recently demonstrated that the addi-
tion of a biomarker signature to a model of clinical and serologic variables (age,
gender, smoking history, RF, and CCP antibodies) can increase the model’s ability
to predict the presence of RA-ILD and potentially facilitate an earlier diagnosis of
RA-ILD [21]. The biomarker signature they proposed consists of matrix metallo-
proteinase-7 (MMP-7), pulmonary and activation-regulated chemokine (PARC),
and surfactant protein D (SP-D). The role of these biomarkers in disease progres-
sion is unknown.
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Phenotypes of RA-ILD

As previously mentioned, many different radiologic and histopathologic patterns
have been described in patients with RA-ILD. Often, patients are categorized as
having either a UIP or a non-UIP pattern of disease. There are accumulating data
suggesting that RA patients with a UIP pattern exhibit a different phenotype, clini-
cal evolution, and prognosis compared to RA patients without a UIP pattern of
disease [4, 11,32, 56, 58, 59]. In RA-ILD, the UIP pattern has been more frequently
described in older, male patients with a history of smoking [4, 11, 58—60]. Notably,
this is the clinical phenotype often associated with the idiopathic form of UIP (i.e.,
idiopathic pulmonary fibrosis) [43]. Moreover, RA-ILD patients with a UIP pattern
appear to have a worse overall prognosis than RA-ILD patients with a non-UIP pat-
tern, and a survival pattern appearing similar to patients with IPF [4, 61], though the
data are conflicting [62]. RA-ILD patients with a UIP pattern are also reported to
have more respiratory-related hospitalizations [32].

Natural History and Prognosis

ILD is one of the leading causes of death in patients with RA [63, 64]. A population-
based study demonstrated that the mortality rate in RA-ILD is increasing despite the
overall decline in RA mortality [3]. Patients with RA-ILD tend to die younger and
are more likely to die from their lung disease or have an RA-related death compared
to RA patients without ILD [3].

Various predictors of mortality in patients with RA-ILD have been described [4,
59, 65-69]. Patient-specific variables (e.g., age, male sex, and low socioeconomic
status), ILD-specific variables (e.g., DLCO, FVC, extent of fibrosis on HRCT, and
UIP pattern either on HRCT or surgical lung biopsy), and RA-specific variables
(e.g., baseline pain, disease activity score, and disability score) have been shown to
be associated with mortality in RA-ILD [69]. Of these variables, only a few have
been identified to be independent predictors of mortality in multivariable models
(Table 8.2) [69]. Age is the only variable that has been identified as a significant
predictor on multivariable analysis in multiple studies. A recent systematic review
highlighted the variable methodological quality of studies evaluating predictors of
mortality in RA-ILD as many of them lacked multivariable analysis [69].

In general, patients with RA-ILD tend to experience disease progression over time
[7, 42, 62]. Acute exacerbations (AE) have been described in some patients with
RA-ILD [62, 70]. Risk factors for AE in RA-ILD include older age at ILD diagnosis,
UIP pattern on HRCT, and use of methotrexate [70]. AE of RA-ILD is associated
with increased mortality [70]. Finally, patients with RA-ILD are at risk of serious
infections requiring antibiotic therapy and hospitalization [53]. Pneumonia is the
most frequent infection (3.9 cases per 100 person-year), and a prednisone dose
greater than 10 mg daily is associated with an increased risk of serious infection [53].
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Table 8.2 Independent predictors of mortality on multivariate analysis in rheumatoid-associated
interstitial lung disease

Sample
Study/year size Predictor Hazard ratio (95% CI)
Dixon et al. 367 Age (per decade) 2.28 (1.64-3.15)
[66]/2010 Disease activity score (DAS28 score | 1.43 (1.11-1.85)
[71])
Kim et al. [4]/2010 | 82 Female sex 0.30 (no CI provided)
(p-value, 0.008)
Baseline DLCO% predicted 0.96 (no CI provided)
(p-value, 0.003)
Definite UIP pattern on HRCT 2.34 (no CI provided)
(p-value, 0.05)
Koduri et al. 52 Age at onset 1.04 (1.00-1.09)
[67]/2010
Solomon et al. 48 Age (per year) 1.04 (no CI provided)
[591/2013 (p-value, 0.01)
Presence of fibrosis on surgical lung | 2.1 (no CI provided)
biopsy (p-value, 0.02)
Solomon et al. 137 Age (year increase over 64.7) 1.06 (1.03-1.10)
[681/2015 Ever-smoking history 2.05 (1.03-4.08)
FVC % predicted (10% lower than | 1.36 (1.16-1.60)
mean baseline FVC % predicted)

CI confidence interval, DLCO diffusing capacity of the lung for carbon monoxide, UIP usual
interstitial pneumonia, HRCT high-resolution computed tomography, FVC forced vital capacity

Conclusion

RA-ILD is a prevalent pulmonary manifestation of RA. It is associated with reduced
survival and substantial morbidity. Early diagnosis remains a challenge in RA-ILD
due to the non-specific symptoms at initial presentation. There may be important
disease phenotypes within RA-ILD, but the current paradigm does not support iden-
tification of radiologic or histopathologic forms of RA-ILD to guide management.
Further research is needed to better characterize and identify these phenotypes in
order to provide personalized and comprehensive care to RA-ILD patients.
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