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Rheumatoid arthritis associated interstitial lung disease (RA-ILD) has significant clinical
impact on patients due to increased morbidity and mortality. Understanding the progres-
sion of ILD in patients with RA from when asymptomatic to clinical progression and the
clinical, genetic, and novel markers associated with disease progression is an important
step in altering the natural history of ILD in patients with RA. We review the natural history
and epidemiology of RA-ILD, with a focus on Latin-American epidemiology in RA-ILD. Addi-
tionally, we discuss unique features of RA-ILD compared to other forms of ILD, early disease

detection, and current concepts in treatment.
© 2023 Published by Elsevier Espana, S.L.U. on behalf of Asociacién Colombiana de
Reumatologia.

Una vision general del cribado, el tratamiento y los préximos pasos en la
investigacion de la enfermedad pulmonar intersticial por artritis
reumatoide

RESUMEN

Palabras clave:

Artritis reumatoide

Enfermedad pulmonar intersticial
Enfermedad pulmonar intersticial
subclinica

Inmunosupresién

Terapia antifibrética

* Corresponding author.

La enfermedad pulmonar intersticial asociada a la artritis reumatoide (EPI-AR) representa
un impacto clinico significativo para los pacientes debido al aumento de la morbilidad
y la mortalidad. Comprender la progresién de la EPI en pacientes con AR de progresién
asintomatica a clinica y los marcadores clinicos, genéticos y novedosos asociados con la
progresién de la enfermedad es un paso importante para alterar la historia natural de la
EPI en pacientes con AR. Revisamos la historia natural y la epidemiologia de la EPI-AR,
con un enfoque en la epidemiologia latinoamericana en la EPI-AR. Ademds, discutimos las
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caracteristicas Unicas de la EPI-AR en comparacién con otras formas de EPI, la deteccién
temprana de la enfermedad y los conceptos actuales en el tratamiento.
© 2023 Publicado por Elsevier Espaia, S.L.U. en nombre de Asociacién Colombiana de

Reumatologia.

Introduction

Development of rheumatoid arthritis associated interstitial
lung disease (RA-ILD) is a significant extra-pulmonary man-
ifestation in patients with RA. Survival from the time of ILD
diagnosis is approximately 3 years and is generally worse than
other forms of autoimmune ILD."* There is growing under-
standing of the genetic profile in RA-ILD, a profile that overlaps
with another form of ILD called idiopathic pulmonary fibrosis
(IPF).>® These observed clinical and genetic overlap between
RA-ILD and IPF contributes to the recent interest in the use
of antifibrotic drugs for patients with RA-ILD.”® This review of
RA-ILD will discuss several pressing research and clinical areas
of focus, including screening, diagnosis, and management of
patients with RA-ILD.

Epidemiology and genetic factors of RA-ILD

RA is common affecting 1% of the general population.’ When
screening RA populations for early signs of ILD, approximately
18-21% of patients with RA will have computed tomogra-
phy (CT) evidence of interstitial lung disease.®'© However,
clinically significant ILD occurs between 6.8 and 7.7% over
the lifespan of patients with RA, depending on method of
diagnosis.m!! Estimates of the prevalence of ILD from studies
performed inrecent years appear to be increasing, likely due in
large part to more pervasive use of CT imaging for indications
such as lung cancer screening.'?

RA-ILD develops through a concert of genetic and envi-
ronmental factors. The presence of the minor allele in the
MUCS5B promoter variant has been shown to be associated
with both early and established forms of RA-ILD, like obser-
vations in early and established forms of IPF.>° Prior to this
genetic insight into ILD risk in RA, the most consistent inde-
pendent predictor of ILD in RA was cigarette smoking,>
although advanced age also has clear associations with RA-
ILD.111.13,16-20 A is true for other forms of ILD, the association
between age and ILD development in patients with RA is likely
due in part to telomere shortening with or without inherited
mutations in telomere repair genes such as TERT, RTEL-1 and
PARN.?122

Autoantibodies in the development of RA-ILD

RA is caused by the development of pathogenic autoantibod-
ies that react to abnormally citrullinated proteins leading to
an acute inflammatory response (antibodies to citrullinated
peptides (ACPA)). This inflammatory response is seen in the
synovium of RA patients,”> however the induction of this

pathologic citrullination is hypothesized to take place within
the lung in response to environmental exposures such as
tobacco smoke.*1>24-28 Stydies have reported anti-CCP activ-
ity in lung bronchoalveolar lavage (BAL) fluid prior to serum
anti-CCP positivity and prior to the manifestations of RA joint
disease.?®*C Titers of anti-CCP antibodies have also been asso-
ciated with the development of RA-ILD3"3? and are therefore
thought to play a role in ILD development in RA patients but
a direct causative link has not been shown to date.

RA-ILD in Latin America

Foundational work to understand the risk factors of early ILD
in patients with RA was undertaken in Latin-America at the
Rheumatology Outpatient Clinic of the Hospital das Clinicas
of the University of Sao Paulo, Brazil.>* In this analysis, 293
patients with RA had a chest CT for clinical purposes (e.g., pul-
monary indications (45%), non-pulmonary indications (40%),
and unclear indications (15%)). They found that 22% had
undiagnosed interstitial lung abnormalities (ILA) or ILD,*? sim-
ilar to rates seen in the US and France.>'? Interestingly, the
authors reported that 56 of these patients with RA had follow-
up chest imaging and 21 (37.5%) had radiographic progression
upon follow-up.

In addition, the prevalence of RA-ILD across Latin-America
has been reported in a large-multicenter analysis of 25 cen-
ters across Argentina, Colombia, and Uruguay.®* In this study,
focused on various forms of autoimmune-ILD (AI-ILD, n=325),
31% of the cases were RA-ILD.3* Like other cohorts of RA-ILD,
the radiologic UIP pattern was the most frequent, followed
by NSIP. It is interesting to note that in this analysis which
spanned 2015-2018, the most common treatment strategy for
patients with AI-ILD was a combination of cyclophosphamide
and glucocorticoids, followed by azathioprine. While the treat-
ment data were not reported by subtype of AI-ILD, these
treatment choices are likely influenced by geographic avail-
ability and costs of other commonly used therapies such as
mycophenolate mofetil which is typically the first line therapy
in these conditions in the US and European countries.>>—>°

Unique features of RA-ILD amongst the
autoimmune ILDs

There are several other autoimmune diseases associated with
the development of ILD, however, there are unique clinical
features, genetic risk factors, and outcomes that set RA-ILD
apart from other etiologies of autoimmune ILD. For instance,
on average, the median survival for patients with RA-ILD is
approximately 3 years from the time of diagnosis, which is
worse than other autoimmune ILDs.»®> While unconfirmed,
this difference in prognosis is thought to be due to a higher
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proportion of patients with RA having a usual interstitial
pneumonia (UIP) pattern of disease, which generally con-
fers worse prognosis compared to other ILD patterns.* Usual
interstitial pneumonia is a histologic entity with a well vali-
dated radiographic corollary, which has been shown in several
studies to identify a group of RA-ILD patients with a poorer
prognosis.*®*> In several prospective cohorts, the proportion
of RA-ILD patients with UIP pattern ILD typically makes up a
majority of cohort.*>%® In other autoimmune conditions such
as scleroderma, rates of UIP are more commonly a minority
(20-30%).*+*% Other ILD patterns in patients with RA, such as
non-specific interstitial pneumonia (NSIP), have clinical out-
comes similar to other autoimmune ILDs.>%4!

Another important difference between RA-ILD and other
forms of autoimmune ILD relates to sex disparity of those
affected. For instance, RA-ILD, and specifically the UIP pattern,
is seen more commonly in males, whereas ILD is significantly
more common in females in other autoimmune ILD cohorts
like scleroderma ILD (SSc-ILD), Sjogren and systemic lupus
erythematous associated ILDs.*%™>?

It is also notable that other forms of autoimmune ILD
such as scleroderma or myositis lack an association with the
MUC5B promoter variant, in studies to date.”>>* It is clear
from association studies that the presence of the promoter
variant of MUC5B has the strongest association with UIP pat-
tern amongst patients with RA-ILD, and therefore, this unique
genetic risk for RA-ILD (compared to other types of autoim-
mune ILD) likely also plays a role in the increased risk of UIP
in among those with RA-ILD. There are other genetic risk fea-
tures that appear to be similar to those identified in other
autoimmune ILDs such as scleroderma, including a likely
role of telomere dysfunction in the presence of ILD and ILD
progression.?1,22,55-58

Early forms of RA-ILD

There is reason to believe that early recognition of ILD in
patients with RA is a promising research endeavor as pro-
gressive fibrosing conditions may be the prototypical human
pathology where early intervention could alter the natu-
ral disease history. For this reason, RA offers researchers
and clinicians a unique pre-clinical state for translational
study of pulmonary fibrosis development and progression.
For instance, we recently prospectively screened 184 patients
with RA without known ILD for the presence of intersti-
tial lung disease via high resolution CT scans and we found
that 38 (21%) had consensus thoracic-radiologist-determined
interstitial lung disease.® As discussed briefly already in this
review, estimates of lifetime risk for development of clinical
ILD within RA cohorts varies, but is described in two studies
at 6.8 and 7.7%.>!" Given this disparity, where 20% of patients
with RA have radiologic findings of ILD, but less than 10%
will progress to a clinical form of ILD, there are important,
and unknown factors that likely influence and mark risk for
ILD progression. Another research group has identified similar
rates of early ILD in RA and both studies have demonstrated
an association between early RA-ILD and the presence of the
MUCS5B promoter variant.'?

Another approach to understanding early forms of ILD
in patients with RA is the leveraging of population-based or
chronic obstructive pulmonary disease (COPD)-based cohorts.
For instance, investigators have found within the Multi-Ethnic
Study of Atherosclerosis, that autoantibodies associated with
RA such as rheumatoid factor and antibodies to cyclic-
citrullinated peptides (anti-CCP) are associated with the
presence of interstitial lung abnormalities (ILA) and quanti-
tative measures like high attenuation areas on coronary CT
scans.” These findings indicate the possibility that early ILD
changes, such as ILA, are related to the presence of RA autoan-
tibodies. Another investigation underway in COPD Genetic
Epidemiology Study (COPDGene) identified RA cases within
COPDGene, which enrolled over 10,000 COPD subjects. These
RA cases in COPDGene had a higher prevalence of ILA (16.9%
vs. 5.0%) than non-RA comparators and perhaps most impor-
tantly, the ILA in patients with RA was associated with a 3-fold
increased mortality than the presence of RA alone.®°

Early ILD in RA is an active area of investigation. The
outcomes of these multiple approaches to understanding
early ILD in RA could inform our understanding of early ILD
across multiple etiologies of pulmonary fibrosis, including IPF
given the clinical and genetic overlap between RA-ILD and
IPE°! However, several important and unanswered questions
remain in this realm, most notably: does early intervention in
early forms of RA-ILD have clinical efficacy and what type of
intervention would be most efficacious? Prospective, random-
ized interventional trials are urgently needed in this space as
our understanding of response to therapy, progression, and
survival evolves.

Screening for ILD in patients with RA

Given the lack of clinical data on outcomes with early recogni-
tion of ILD in RA, or early intervention in this scenario, there
remains no clinical guideline or recommendation to screen
for ILD in patients with RA. However, given the clinical impor-
tance of the development of ILD as it relates to health-related
quality of life and mortality, we believe regular assessment of
respiratory symptoms in patients with RA is warranted. It is
also important to note that several professional societies have
published guidance for screening ILD in other autoimmune
diseases such as SSc-ILD and connective tissue disease-ILD
writ-large which should inform the nuanced approached to
screening in this population.®?®® RA involvement of the lung
can have multiple manifestations, including airways disease®
and for this reason, a guided history and clinical exam can
inform further diagnostic testing if patients with RA have res-
piratory symptoms. In one study, risk factors for early RA-ILD
included four primary characteristics: (1) sex, (2) age at RA
onset, (3) RA disease activity (using Disease Activity Score 28-
Eyrthrocyte Sedimentation Rate (DAS28-ESR)) and (4) presence
of the MUCS5B promoter variant.'” These types of risk score
systems can improve the sensitivity of screening modalities.
However, given the lack of widely available MUC5B assays and
the lack of data to support improved outcomes with early ILD
recognition in patients with RA, these tools remain within the
research realm.
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Table 1 - Pulmonary toxicities associated with commonly used DMARDs.

Drug Reported pulmonary toxicity

Methotrexate Associated with development of an acute hypersensitivity pneumonitis, where most will have
peripheral eosinophilia and is commonly associated with broncho-alveolar lymphocytosis®*

Leflunomide Associated with low risk of alveolar pneumonitis, especially in those patients with underlying ILD

or history of methotrexate-induced lung toxicity”*

Anti-TNF biologic agents

Direct inflammatory pneumonitis resulting from treatment with biologic agents in RA are

reported. However, a direct pathogenic link between the agent and the pneumonitis has not been
shown. Given the clinical efficacy of these agents in treating the synovial manifestations of RA
there use in autoimmune-ILD patients remains controversial.”®’%:8

Gold Although not commonly used in modern eras, a typical but rare pulmonary toxicity was known to
be associated with gold administration with fever and an NSIP pattern with lymphocytosis in the

lung®®
Sulfasalazine

Associated with an eosinophilic alveolar infiltrate with fever which is steroid-responsive®’ %

ILD: interstitial lung disease, RA: rheumatoid arthritis, anti-TNF: anti-tumor necrosis factor, and NSIP: non-specific interstitial pneumonia.

Treatment of RA-ILD

As is the case with most autoimmune ILDs, the primary
treatment approach in RA-ILD is derived from random-
ized, controlled trials (RCTs) in scleroderma ILD (SSc-ILD).®
In these RCTs, several immunosuppressants have been
shown to slow or improve forced vital capacity (FVC)
in patients with SSc-ILD.#’:%6-%8 The scleroderma lung
studies (SLSI and SLS II) demonstrated improved health-
related quality of life with mycophenolate mofetil and
cyclophosphamide.?#47,667,69.70.68 Given the lack of random-
ized data specific to RA-ILD regarding treatment outcomes
from immunosuppression, it is important to consider these
differences in genetic, phenotypic, and clinical outcomes in
patients with RA-ILD compared to SSc-ILD and other autoim-
mune ILDs.

However, until additional research is done, the primary
treatment strategy in RA-ILD remains the addition of lung-
directed immunosuppression to a baseline disease-modifying
anti-rheumatic drug (DMARD) regimen.”'~’> Given the clear
association between RA disease activity and prevalent and
progressive RA-ILD,'?7677 we feel an imperative first step in
RA-ILD management is adequate baseline joint disease con-
trol with DMARDs via collaboration between pulmonary and
rheumatology teams.

Another mainstay of management for patients with RA-ILD
has been the identification and removal of pharmacothera-
pies that may contribute to, or exacerbate, underlying ILD.”8-80
There are several DMARD agents which have been implicated
in drug induced ILD. This poses a conundrum for physicians
when approaching patients with RA with who have joint dis-
ease that may be well managed with one of these agents if
they develop ILD. Further, there is an association between RA
disease activity and ILD prognosis.”®’” This balance between
DMARDs that may be associated with worsening ILD, or a
drug induced form of ILD and changing an effective RA dis-
easeregimen is an important consideration in an environment
that lacks randomized, prospective data to guide treatment
decisions. For this reason, we advocate for multi-disciplinary
discussions with pulmonologists and rheumatologists with
experience caring for patients with ILD to best weigh these
options.

One drug that has been controversial in its potential as
causing drug-induced pulmonary fibrosis is methotrexate.
Methotrexate is an early-line DMARD in patients with RA
that is commonly used, either as monotherapy or as a back-
bone to which other conventional or biologic DMARDs are
added.®! As such, methotrexate is commonly used in the most
severe patients with RA and was therefore it has been difficult
to differentiate the relationship between methotrexate use,
RA disease severity and ILD. For many years, patients with
RA-ILD on methotrexate had this medication stopped, and
frequently the development of pulmonary fibrosis in patients
with RA had been attributed to methotrexate use. However,
recently, increasing evidence demonstrates no such associa-
tion between methotrexate and chronic pulmonary fibrosis,
which suggests safety of continuing the drug if it has been
effective for treating the RA joint disease.®?8% However, impor-
tant caveats remain, including the known development of
cellular, acute hypersensitivity pneumonitis from methotrex-
ate. This form of drug toxicity is distinct from fibrotic ILD and
can often be differentiated using clinical history, imaging and
in some cases, bronchoalveolar lavage is needed in order to
help support the diagnosis.®* While an extensive discussion of
DMARD safety is nuanced and beyond the scope of this review,
we have summarized known pulmonary toxicities associated
with commonly used DMARDs in Table 1.

One question that remains in this field, is the role of
added immunosuppression in those RA-ILD patients with
UIP pattern. This concern primarily arises from increased
mortality in RCT data in patients with IPF randomized to
an immunosuppressive regimen of prednisone, azathioprine,
and N-acetylcysteine compared to placebo.®® Given the previ-
ously mentioned overlaps between IPF and RA-ILD, specifically
for RA-ILD with UIP pattern ILD, there is clinical equipoise
regarding immunosuppression, which will require random-
ized, prospective data to fully resolve. However, there are
observational studies that support an immunosuppression
paradigm in RA-ILD, including patients with UIP pattern ILD.
We leveraged a real-world cohort of 212 patients with RA-
ILD from 5 ILD centers around the United States and found
that added immunosuppression was associated with a statis-
tically significant improvement in FVC and diffusion capacity
for carbon monoxide (DLCO) % predicted at 12 months when
compared to the pre-treatment trend of pulmonary function
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Fig. 1 - (A) Impact of immunosuppression on predicted trajectory of forced vital capacity (FVC) % predicted. The
pre-treatment trend in FVC is shown from time —24 months to time 0 when RA-ILD specific treatment was initiated. The
pre-treatment trend (blue dotted line) is projected forward from time 0 to +24 months and compared to the observed FVC
trend after treatment initiation. After 12 months of treatment, there was a significant increase in FVC % predicted compared
to the projected trend without treatment [+3.90, p <0.001; 95% CI: (1.95, 5.84)]. Gray shading indicates 95% confidence
intervals. (B) Impact of immunosuppression on diffusion capacity for carbon monoxide (DLCO). There was a significant
increase in DLCO % predicted following 12 months of treatment compared to the projected trend without treatment [+4.53%,
p=<0.001, (2.12, 6.94)]. Reproduced with permission by Elsevier publishing granted on 2/22/23. Reproduced from CHEST, Matson et

al, ISSN: 0012-3692. Copyright Elsevier publishing.

decline (Fig. 1).°° In these data we also found that the pres-
ence of UIP, as determined by blinded thoracic radiologist
consensus, had no significant impact on immunosuppres-
sion outcomes, where the presence of definite or probable
UIP did not significantly impact treatment response at 12
months for FVC % predicted based on the interaction analysis
(p=0.506).%

While the standard of care in RA-ILD remains primar-
ily immunosuppression, for those patients with UIP or other
fibrotic features, there is increasing interest in the use of
the novel antifibrotics. These drugs have been studied in
many etiologies of progressive forms of fibrotic ILDs, includ-
ing RCTs that included patients with RA-ILD.8°1-9% Outcomes
from these trials showed findings like the initial studies in
IPF; antifibrotics decrease FVC decline in one-year compared
to placebo but fail to improve survival or health-related qual-
ity of life.®21°3 In 2022, the first RCT dedicated to patients
with RA-ILD was published.” These data found no statisti-
cally significant difference between pirfenidone and placebo
in their primary endpoint (proportion of RA-ILD subjects
with >10% or more FVC decline from baseline or death).”
It is notable that FVC decline in TRAIL-1 (secondary end-
point) was similar to trends seen in all other RCTs of
antifibrotic therapy, but the study was under-powered and
under-recruited for multiple reasons, including the COVID-19
pandemic.”

Given the complexities of treating a multi-organ condition,
we strongly suggest a multi-disciplinary discussion between
rheumatologists and pulmonologists with experience treating
these conditions and familiarity with these therapies given
the lack of evidence that remains. However, there is hope that
collaborative initiatives focused on adaptive trial design in ILD
will fill these clinical gaps in knowledge for patients with RA-
ILD in the coming years.

Future directions in RA-ILD

RA-ILD is an important condition for patients and clinicians
alike. This devastating condition shortens lives and causes
significant morbidity. However, there is hope that developing
validated, early recognition systems for ILD in patients with
RA could alter the natural history of this condition by allowing
for study of interventions in earlier forms of the disease and
curbing the development of clinically significant ILD. RA joint
disease is an apt comparison here where early application
of effective DMARD therapy has revolutionized outcomes for
these patients. With randomized, prospective studies in both
early and established forms of RA-ILD, we will make important
progress in the understanding and treatment of RA-ILD.
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