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Abstract: Rheumatoid arthritis (RA) is an autoimmune disease that primarily affects the joints, although extra-articular involvement,
including interstitial lung disease (ILD), is also seen. Usual interstitial pneumonia and nonspecific interstitial pneumonia (NSIP) are
the most common ILD in RA, which may be associated with the development of fibrotic changes in the lungs and a poorer prognosis
for patients. However, the precise mechanism of ILD in RA remains unclear. A combination of environmental triggers, genetic
predisposition, and enhanced immune system activity contributes to the formation of a chronic inflammatory process in the lungs,
leading to uncontrolled fibroblast activity, which is ultimately associated with progressive fibrosis. Although currently available
treatments for RA are effective for joint involvement, the efficacy of these anti-inflammatory treatments in progressive pulmonary
fibrosis has not been encouraging. In recent years, the use of antifibrotic agents, which have been well-tested in the treatment of
idiopathic pulmonary fibrosis (IPF), has been tested in the treatment of fibrotic and interstitial lung involvement in other diseases. In
this study, we compared the pulmonary fibrotic developmental process of RA with IPF. Given the similarities in the pathogenesis and
inflammatory pathways of these two entities, the use of antifibrotic drugs may offer a suitable and potentially promising strategy for
treating fibrotic changes in RA. Currently, we face the challenge of a lack of sufficient studies with an appropriate sample size in this
area. Therefore, the design and implementation of appropriate trials in the future should be considered a policy.
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Introduction
Rheumatoid arthritis (RA) is a chronic autoimmune disorder characterized by inflammation of the synovial membrane,
which leads to joint destruction and systemic complications.' This debilitating condition affects approximately 0.5—1% of
the adult population, with an estimated 23.7 million individuals affected worldwide, in which women are three to four
times more likely to develop RA than men.> The prevalence of RA varies widely among different populations, with
higher rates reported in developed countries.* Moreover, RA typically affects individuals between the ages of 30 and 60,
although it can occur at any age.’
The hallmark clinical features of RA include joint pain, swelling, stiffness, and functional impairment.®” The small
joints of the hands and feet are typically affected symmetrically, although RA can involve any joint in the body.*’
Extra-articular manifestations are common in RA and can involve multiple organ systems.'” Pulmonary complica-
tions are a significant cause of morbidity and mortality in patients with RA.'° Interstitial lung disease (ILD) is the most
common pulmonary manifestation of RA, affecting approximately 10-20% of patients.''”'* Usual interstitial pneumonia
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and nonspecific interstitial pneumonia (NSIP) are the two most common histological patterns of ILD in patients with RA.
However, other patterns, such as organizing pneumonia (OP) and diffuse alveolar damage, can also occur.”"'° Another
pulmonary manifestation of RA is pleural disease, including pleurisy, pleural effusion, and rheumatoid nodules within the
pleura.”

UIP is a histological pattern of interstitial pneumonia characterized by heterogeneous fibrosis with alternating areas of
fibrosis and normal lung parenchyma.>' The hallmark histological features of UIP include temporal and spatial hetero-
geneity, honeycombing, and fibroblastic foci. Temporal heterogeneity refers to the presence of fibrosis of varying ages,
while spatial heterogeneity refers to the presence of fibrosis adjacent to areas of normal lung parenchyma.”
Honeycombing is characterized by cystic airspaces lined by bronchiolar epithelium, while fibroblastic foci represent
areas of active fibrosis with myofibroblast proliferation.”®> On imaging, subpleural reticular opacities are usually seen
primarily at the base, with honeycombing areas, irregular interpulmonary wall thickening, and traction bronchiectasis that
predominate in the posterior regions of the lower lobes, especially in the cortical areas, with distinct boundaries between
areas of fibrosis and normal lung parenchyma.’*

NSIP is another histological pattern of interstitial pneumonia characterized by uniform interstitial inflammation and
fibrosis.”> Unlike UIP, NSIP is characterized by more uniform fibrosis without the temporal and spatial heterogeneity
seen in UIP.° The prominent histological features of NSIP include interstitial inflammation, primarily consisting of
lymphocytes and plasma cells, as well as fibrosis that is usually less severe than that of UIP.>*> NSIP can be further
classified into two subtypes based on the presence or absence of cellular inflammation: cellular NSIP and fibrotic NSIP.?’
The NSIP pattern on high resolution computed tomography (HRCT) is characterized by bilateral, peripheral, and
irregular ground-glass opacities, predominantly basal, usually with subpleural sparing, accompanied by septal thickening,
reticular opacities, thickening of bronchovascular bundles, tractional bronchiectasis, and absence of honeycombing.**
The HRCT findings of RA-associated interstitial lung disease (RA-ILD), UIP and NSIP, are shown in Figure 1.

The exact pathogenesis of pulmonary manifestations in RA remains poorly understood but is thought to involve
a combination of genetic, environmental, and immunological factors.'* Chronic systemic inflammation in RA is believed
to play a central role in the development of pulmonary complications by promoting aberrant immune responses and tissue
remodeling in the lungs.?®

The prognosis of pulmonary manifestations in RA varies depending on the underlying histological pattern and
severity of lung involvement.” Patients with RA-associated UIP tend to have a poorer prognosis compared to those
with NSIP, with a median survival of 3—5 years from the time of diagnosis.>

The management of RA and its pulmonary manifestations is challenging and requires a multidisciplinary approach
involving rheumatologists, pulmonologists, and radiologists.'* Current therapeutic strategies primarily focus on immu-
nosuppression and anti-inflammatory agents, but the management of progressive pulmonary fibrosis remains a significant
challenge.®' The efficacy of the two available antifibrotics in patients with idiopathic pulmonary fibrosis (IPF) has been

Figure | High resolution computer tomography (HRCT) findings of the most common interstitial lung involvement in rheumatoid arthritis (RA); (A) NSIP pattern: Ground
glass opacity with sub-pleural sparing and tractional bronchiectasis, (B) UIP pattern: Coarse reticulation with cystic lesion (Honey-combing), architectural distortion, and
tractional bronchiectasis.
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demonstrated in several studies. Given the hypothesis of a common pathogenesis, recent evidence suggests that these
agents may also be beneficial in pulmonary fibrosis beyond IPF.>? Pirfenidone, an antifibrotic agent, and Nintedanib,
a small-molecule tyrosine kinase inhibitor,*> have shown promise in ameliorating pulmonary fibrosis associated with
various interstitial lung diseases, prompting an investigation into their potential impact on pulmonary fibrotic changes
related to RA.**

Currently, our understanding of the pathogenesis of pulmonary fibrosis and interstitial lung tissue involvement in RA
patients is limited and imprecise. Due to the limitations of animal models, identifying the mechanism of RA-ILD has
been challenging, the most important reason being the limitation of creating an animal model of RA that simultaneously
demonstrates articular and extra-articular manifestations of the disease.®>> Further research is needed to elucidate the
optimal management strategies for pulmonary fibrotic changes related to RA and to determine the long-term safety and
efficacy of Pirfenidone and Nintedanib in this patient population. In this review, we will discuss the potential mechanisms
involved in the development of pulmonary fibrosis in RA patients, elucidate the differences and similarities between
pulmonary fibrosis in RA and IPF, and clarify the potential role of antifibrotic medications in the management of RA-
ILD.

Search Strategy
An electronic search was conducted to identify relevant studies for this review. The scientific literature available in
databases, including Medline, PubMed, Web of Science, Scopus, and Google Scholar, was searched from inception to
June 2025. Our search was limited to articles published in the English language. No restrictions were placed on the type
of studies. Concisely, natural language terminology, Embase Subject Headings (Emtree), and Medical Subject Headings
(MeSH) of interstitial lung disease, pulmonary fibrosis, rheumatoid arthritis, Pirfenidone, Nintedanib, and antifibrotics
were used to identify articles in databases.

Two authors independently evaluated the titles and abstracts of the articles. In case of no initial concurrence, a final
decision was reached through discussion or the opinion of a third author. In addition, the full text of eligible articles was
reviewed, and their bibliographies were analyzed to identify further relevant studies.

Predisposing Factors Involved in the Pathogenesis of Rheumatoid Arthritis-Related

Pulmonary Fibrosis

Rheumatoid arthritis-related pulmonary fibrosis (RA-PF) presents as progressive scarring and thickening of the lung
tissue, leading to a decline in respiratory function, chronic cough, and dyspnea.*' The underlying mechanisms are
complex and multifactorial, involving immune-mediated inflammation and aberrant tissue repair processes.’'° The
pathogenesis of RA-PF encompasses a combination of genetic predispositions, environmental triggers, and dysregulated
immune responses that drive chronic inflammation and subsequent lung fibrosis.>” Meanwhile, the prominent role of
factors such as unbridled fibroblast activity, oxidative stress, and tissue hypoxia is also emphasized. Figure 2 illustrates
a brief overview of factors involved in the pathogenesis of RA-PF.

Genetic Predisposing Factors
In recent decades, there has been a growing interest in investigating genetic associations in interstitial lung and fibrotic
diseases. MUCS5B promoter variations are one of the most common genetic risk factors for primary and established
pulmonary fibrosis.*® Juge et al identified the MUC5B promoter variant rs35705950 as a strong risk factor for developing
ILD in RA patients. Their study found that this association was specific to patients with a UIP pattern of lung
involvement and was not generalizable to other autoimmune lung involvements.>* A large cohort study found that the
presence of the MUCS5B variant in RA patients was associated with a tenfold increase in the risk of developing ILD.
Based on the results obtained, it was concluded that increasing age also plays an important role, and this risk increases
rapidly after the age of 65.%

In recent years, more attention has been paid to the potential role of shortened telomeres in contributing to pulmonary
involvement in patients with RA. Telomeres are specialized regions of chromosomal DNA that contain the repeating

Open Access Rheumatology: Research and Reviews 2025:17 htps: 235



Farizani Gohari et al

RA-Associated Pulmonary Fibrosis

Genetic Predisposition L

Mutation of MUCS8 7~
HLA Polymorphism 4

Shortened Telomers

Anti-Citrullinated
Protein Antibodies
Immune System Overactivity
Innate Immune System
Adaptive Immune System
Inflammatory Pathways Impaired
Cellular
Repair

Aberrant Activity of Fibroblasts
Environmental Factors: Cigarette Smokiny
g ing ol ole ) EMT
Appropriate Host: Male Gender, Older O
Age, Longterm RA
Repeated Epithelial Injury Myofibroblast Differentiation

Figure 2 The Pathogenesis of RA-Associated Pulmonary Fibrosis- A combination of genetic predispositions, environmental triggers, and dysregulated immune responses
drives chronic inflammation and subsequent fibrosis in the lungs.

Abbreviations: TGF, transforming growth factor; PDGF, platelet-derived growth factor; CTGF, connective tissue growth factor; FGF, fibroblast growth factor; EMT,
epithelial-to-mesenchymal transition; End.MT, endothelial-to-mesenchymal transition.

sequence TTAGGG and play a crucial protective role. These regions shorten each time during cell division, eventually

142

reaching a critical point that causes cell apoptosis.*' Doyle et al** in a case-control study demonstrated an association

1*3 showed that, in

between shortened telomeres in peripheral blood leukocytes and RA-ILD. Recently, Benedittis et a
addition to both groups of RA patients with and without ILD having significantly shorter telomeres compared to healthy
individuals, RA-ILD patients were reported to have shorter telomeres than both healthy controls and RA patients
without ILD.

The association between HLA-DRBI1 and RA has been established. This association is related to a group of alleles
called shared epitopes (SE) and appears to be strongly associated with anti-cyclic citrullinated peptide antibody (ACPA)-
positive RA patients.** Despite the strong association between SE and ACPA-positive RA, the frequency of these alleles
in RA-ILD patients is relatively low.*’ In a few studies, it has been found that HLA-DRB1*16 and DQB1*06 are risk
factors for the development of interstitial lung involvement in RA patients, while HLA-DRB1*04 and DQB1*04 play

a protective role against this issue.*®

Environmental Triggers

The association between smoking and the development of ILD in RA patients has been demonstrated in various
studies.*”*® Zhang et al conducted a meta-analysis of 22 studies to identify factors associated with the development of
ILD in RA patients. Smoking (OR = 1.69, 95% CI: 1.30-2.18; P < 0.0001) was reported as a risk factor for developing
RA-ILD. The precise mechanism by which smoking is associated with RA-ILD is still unclear. However, cigarette smoke
components may induce an immune response, leading to the production of serum autoantibodies against multiple
citrullinated proteins in the lungs, which in turn causes inflammation and epithelial cell damage, ultimately leading to
ILD. Male gender, older age, longer duration of RA, and older age at onset of RA were also identified as other risk factors
for developing interstitial lung disease in RA patients.*’
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The role of air pollution and occupational pollutants has been implicated as risk factors for incident RA and RA-ILD.
The result of A large case-control study comparing 9701 incident RA, including 531 RA-ILD and 68852 matched
controls, revealed that fire smoke PM2.5 exposure was not associated with RA (aOR 1.07, 95% CI 0.92—1.23) but was
associated with RA-ILD (aOR 1.98, 95% CI 1.08-3.62, per 1 pg/m3). However, increased levels of nitrogen oxides
(NOx) were associated with RA (aOR 1.16, 95% CI 1.06—1.27, highest vs lowest quartile). The authors concluded that
air pollution may enhance the risk of RA and RA-ILD.*°

Dysregulated Immune System Activity
Central to the development of RA-PF is the activation of the immune system.?' Autoantibodies, such as RF and ACPA,
play a crucial role in initiating and perpetuating the inflammatory process.”’ The presence of ACPAs in RA patients has

been associated with a higher risk of developing pulmonary fibrosis.>'~>

Inflammatory pathways in RA-PF are driven by both innate and adaptive immune responses.’>>*

The Innate Immune Response

Alveolar macrophages, key players in the innate immune response, are activated and release a plethora of pro-
inflammatory mediators, including TNF-a, IL-1pB, and IL-6.>>° These cytokines play a crucial role in recruiting and
activating other immune cells, thereby amplifying the inflammatory response.”® TNF-a is particularly significant in RA-
PF, as it promotes the recruitment of neutrophils and lymphocytes to the lungs, enhances the expression of adhesion
molecules on endothelial cells, and stimulates fibroblast proliferation and activation.”” IL-1p is another pivotal cytokine
that contributes to inflammation and fibrosis in RA-PF.> It induces the production of other pro-inflammatory cytokines,
promotes the expression of matrix metalloproteinases (MMPs), and facilitates the differentiation of fibroblasts into
myofibroblasts.’® IL-6, a multifunctional cytokine, plays a dual role in RA-PF by contributing to both inflammation and
fibrosis.” It enhances the differentiation of T-helper (Th) 17 cells, a subset of Th cells that produce IL-17, a cytokine
implicated in chronic inflammation and tissue remodeling.>”

The Adaptive Immune Response

The adaptive immune response in RA-PF involves T cells and B cells.”’>* CD4+ T cells, particularly Thl and Th17
subsets, are central to the inflammatory process.®® Thl cells produce interferon (IFN)-y, which activates macrophages
and promotes the release of pro-inflammatory cytokines.®’ Th17 cells, through the production of IL-17, contribute to
chronic inflammation by recruiting neutrophils and stimulating fibroblasts.®® IL-17 also enhances the production of other
pro-inflammatory cytokines and chemokines, perpetuating the inflammatory milieu in the lungs.®® B cells play a crucial
role in RA-PF by producing autoantibodies, such as RF and ACPAs, which form immune complexes deposited in the
lungs. These immune complexes activate complement pathways, leading to further recruitment of inflammatory cells and
tissue damage.”’

The Aberrant Activity of Fibroblasts

The chronic inflammatory environment in RA-PF leads to repeated injury and repair cycles in the lung tissue.®*®> This
aberrant wound-healing process is characterized by the activation and proliferation of fibroblasts, which are key effector
cells in the development of fibrosis.®® Fibroblasts in RA-PF can originate from various sources, including resident lung
fibroblasts, epithelial-to-mesenchymal transition (EMT), endothelial-to-mesenchymal transition (EndMT), and the
recruitment of circulating fibrocytes.®”

EMT, a process in which epithelial cells lose their characteristics and acquire mesenchymal properties, is a significant
source of fibroblasts in RA-PF.®® This transition is driven by cytokines such as TGF-B and IL-6 and is characterized by
the loss of epithelial markers (eg, E-cadherin) and the acquisition of mesenchymal markers (eg, a-SMA).®*%° EndMT,
similar to EMT, involves the transition of endothelial cells into mesenchymal cells, a process driven by TGF-, which
contributes to the pool of activated fibroblasts in the fibrotic lung.”

Furthermore, the activation of fibroblasts into myofibroblasts is a critical step in the pathogenesis of RA-PF.3"7!
Myofibroblasts are characterized by the expression of a-SMA and the production of excessive amounts of extracellular
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matrix (ECM) proteins, such as collagen and fibronectin.”? TGF-B is the most potent pro-fibrotic cytokine, driving
myofibroblast differentiation through the Smad pathway, which leads to the transcription of genes involved in ECM
production and the suppression of fibroblast apoptosis.”**

Besides TGF-B, other growth factors, such as platelet-derived growth factor (PDGF), connective tissue growth factor
(CTGF), and fibroblast growth factor (FGF), play significant roles in fibroblast proliferation, migration, and ECM
production in RA-PF.”*”> PDGF is a potent mitogen for fibroblasts, promoting their proliferation and migration. It
also enhances the production of ECM components, contributing to tissue scarring and fibrosis.”® CTGF, also known as
CCN2, is upregulated in response to TGF-B and acts synergistically with it to promote fibroblast proliferation,
myofibroblast differentiation, and ECM production.”” FGE, particularly FGF-2, stimulates fibroblast proliferation and

enhances the production of proteoglycans and collagen, further contributing to the fibrotic process.”®

The Oxidative Stress

Oxidative stress also contributes to the pathogenesis of RA-PF.>' England et al’® demonstrated that patients with RA and
ILD have significantly higher levels of serum IgA and IgM anti-Malondialdehyde-acetaldehyde antibody (MAA)
concentrations compared to patients with RA and COPD, as well as RA without lung disease. A similar result was
reported in a recent study by Aripova et al.** Among 2739 participants with RA, they revealed that protein-specific anti-
MMA antibodies to collagen, fibrinogen, and vimentin were related to the prevalence of RA-ILD. The results of these
studies emphasize the potential role of MMA in the pathogenesis of RA-ILD. ROS, produced by inflammatory cells and
damaged epithelial cells, induce cellular injury and activate pro-fibrotic signaling pathways. ROS can activate TGF- and
other pro-fibrotic cytokines, enhance fibroblast proliferation, and promote ECM production. The antioxidant defenses are
often overwhelmed in RA-PF, exacerbating oxidative damage and fibrosis.®'

Tissue Hypoxia and Fibrogenesis
Hypoxia, a common feature in fibrotic tissues, further drives fibrosis in RA-PF.*! Hypoxia-inducible factors (HIFs) are
stabilized in low-oxygen conditions, leading to the transcription of genes involved in fibrosis and inflammation.®?
Transient and mild hypoxia can enhance cellular repair mechanisms and reduce oxidative damage. However, excessive
or prolonged activation of HIF abolishes this adaptive response, leading to fibrosis and inflammation.®® Increased
expression of HIF-1 has been observed in the serum as well as in the synovial membrane of RA patients.** HIFs
enhance the expression of pro-fibrotic genes such as TGF-B, vascular endothelial growth factor (VEGF), and endothelin
(ET)-1, promoting fibroblast activation and ECM production.®

Various studies have investigated the effects of hypoxia in inducing and promoting the development of lung fibrosis.
In an animal model of bleomycin-induced pulmonary fibrosis investigated by Guo et al. EMT was detected in the mice’s
lung tissues. The study determined that hypoxia induced by fibrosis can promote the activation of EMT via the hypoxia-
HIF-1a pathway.*® In another study, the effect of chronic intermittent hypoxia in an animal model of bleomycin-induced
lung fibrosis was examined. Chronic intermittent hypoxia leads to the upregulation of inflammatory pathways, enhancing
nuclear factor kappa-light-chain-enhancer of activated B cells (NF-«kB) activation and expression of IL-17 mRNA and
Collal mRNA. The authors concluded that hypoxia may intensify collagen deposition and fibrosis development by

inflammatory and oxidative pathways.””

Rheumatoid Arthritis-Related Pulmonary Fibrosis and Idiopathic Pulmonary Fibrosis:
The Analogies and Discrepancies

Despite their different origins, RA-PF and IPF share several pathophysiological mechanisms, including chronic inflam-
mation, fibroblast activation, and ECM deposition. In RA-PF, the initial trigger is autoimmune inflammation, where
autoantibodies and immune complexes contribute to lung tissue damage.*! In IPF, the initial trigger remains unknown but
is believed to involve repeated epithelial injury and abnormal wound healing.®’
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In RA-PF, the presence of autoantibodies such as RF and ACPAs is significant. These autoantibodies contribute to the
autoimmune pathology of RA and its pulmonary manifestations.>' IPF, however, is not associated with autoantibodies,
yet their presence can affect disease progression.”’

The immune system plays a central role in RA-PF, with T- and B-cell-mediated responses contributing to lung
inflammation and fibrosis.*' In IPF, the immune response is less well-defined, but it involves aberrant wound healing and
fibroblast activation rather than a classical autoimmune process.’*

Macrophages exhibit different functional states, or polarization, which influence fibrosis.*® In RA-PF, M1 (pro-
inflammatory) and M2 (pro-fibrotic) macrophages contribute to disease pathology.®” In IPF, M2 macrophages are more
prominent, driving fibrogenesis.”

Th17 cells, a subset of T helper cells, are involved in the autoimmune response in RA-PF, promoting inflammation
and fibrosis. Their role in IPF is less clear, though they may contribute to chronic inflammation.>' Regulatory T Cells
(Tregs), which suppress immune responses, are dysfunctional in RA-PF, leading to uncontrolled inflammation.’” In IPF,
the function and number of Treg cells are also altered, contributing to an imbalance in immune regulation.>*

B cells and autoantibodies play a critical role in RA-PF, driving chronic inflammation and fibrosis. In IPF, B cells are
less central to pathogenesis, and autoantibodies are not a feature of the disease.”'

Mast cells are involved in fibrosis through the release of pro-fibrotic mediators.”’ Their role is more pronounced in
RA-PF due to the autoimmune nature of the disease, while in IPF, they contribute to the fibrotic environment.>!

Eosinophils, which are involved in allergic responses, can contribute to fibrosis in RA-PF by releasing pro-fibrotic
cytokines. In IPF, eosinophils are less commonly implicated.””

In RA-PF, key inflammatory pathways include TNF-a, IL-1pB, and IL-6, which are also central to the pathogenesis.’’ In
IPF, TGF-B is the predominant cytokine driving fibrosis, with less emphasis on classical inflammatory pathways seen in RA-
PE.”? VEGF is involved in angiogenesis and fibrosis. Elevated levels of VEGF are seen in both RA-PF and IPF, contributing to
abnormal blood vessel formation and fibrosis.”* Fibrogenic mediators, such as CTGF and PDGF, are elevated in both diseases
and contribute to the proliferation of fibroblasts and the deposition of the extracellular matrix (ECM).”>

Both RA-PF and IPF involve the activation and differentiation of fibroblasts into myofibroblasts, which produce ECM
components, leading to fibrosis. In RA-PF, this process is driven by both inflammatory cytokines and autoimmune
mechanisms.?' In IPF, fibroblast activation is primarily driven by TGF-p and mechanical stress.”” Fibroblastic Foci are
a hallmark of UIP, seen in both RA-PF and IPF, representing areas of active fibrosis. The number and distribution of
fibroblastic foci are similar in both conditions, although the surrounding inflammatory milieu is more prominent in RA-PF.*!

ECM remodeling is a key feature of both diseases. In RA-PF, ECM deposition is influenced by chronic inflammation
and autoimmunity.’' In IPF, ECM remodeling is driven by repeated epithelial injury and aberrant wound-healing
processes.”” MMPs, enzymes that degrade ECM components, are involved in tissue remodeling in both diseases.
Dysregulated MMP activity leads to excessive ECM deposition and fibrosis. TIMPs regulate MMP activity, and an
imbalance between MMPs and TIMPs contributes to fibrosis in both RA-PF and IPF. Elevated TIMP levels are
associated with disease severity.”®"’

Injury and dysfunction of alveolar epithelial cells (AECs) are central to the pathogenesis of IPF, leading to aberrant
repair and fibrosis.”® In RA-PF, AEC injury is secondary to chronic inflammation but still contributes to fibrotic
processes.”” Furthermore, endothelial cell dysfunction contributes to the development of fibrosis in both diseases. In RA-
PF, endothelial cells are damaged by chronic inflammation, while in IPF, they are affected by persistent epithelial injury
and hypoxia.*'-'?

The mechanisms for resolving fibrosis are impaired in both diseases. In RA-PF, ongoing inflammation prevents
resolution, while in IPF, persistent epithelial injury and fibroblast activation hinder resolution.*':'*!

The main challenge in RA-PF is the prevention of the progression of fibrosis and its treatment. Immunosuppressive
therapies, including corticosteroids and DMARDs, are commonly used in RA-PF due to the underlying autoimmune
nature. However, their use in IPF is controversial and generally not recommended due to a lack of efficacy and potential
for harm.*"'°? IPF treatment focuses on antifibrotic agents, such as Pirfenidone and Nintedanib, which slow disease
progression.'®® While antifibrotic therapies like Nintedanib and Pirfenidone are approved for IPF, their role in RA-PF is

less clear. Ongoing studies are investigating their efficacy in RA-PF, given the similarities in fibrotic pathways.3 1,103
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Pharmacology of Antifibrotic Agents: Pirfenidone and Nintedanib

Pirfenidone
Pirfenidone is an effective antifibrotic compound predominantly employed in the management of IPF. Its therapeutic

benefits stem from its diverse pharmacodynamic characteristics, which encompass notable anti-inflammatory and
antifibrotic actions. The pharmacokinetic and pharmacodynamic characteristics of Pirfenidone provide an essential
understanding of its therapeutic capabilities and safety profile, emphasizing its significance in treating intricate fibrotic
conditions.

Pharmacokinetics
Pirfenidone is rapidly absorbed, with a peak concentration reached within 1.8 to 2.2 hours and a short half-life of 2.1 to
2.4 hours, necessitating frequent dosing to maintain effectiveness.'®® The drug is widely distributed in tissues, emphasiz-
ing the need for careful dosing strategies.'®” Pirfenidone exhibits good oral bioavailability, which is crucial for its
therapeutic effectiveness in treating conditions such as IPF.'%

Primarily metabolized into 5-carboxy-pirfenidone, most of the drug is excreted in the urine. Monitoring renal function
is crucial, as impaired kidney function can alter its pharmacokinetics and increase the risk of toxicity.'®* Extended-
release formulations offer more stable plasma concentrations, lower peak plasma concentrations, reduced fluctuations,

and potentially minimized adverse effects, which may enhance treatment outcomes.'®”!%®

Pharmacodynamics

The antifibrotic effects of Pirfenidone are characterized by its ability to inhibit fibroblast activation and the synthesis of
extracellular matrix components, which are essential processes in the development of fibrosis.'® This has been
demonstrated across various tissues, including the lungs, bladder, and pancreas.''® Additionally, Pirfenidone inhibits
metabolic reprogramming associated with epithelial-mesenchymal transition in non-small cell lung cancer, showcasing
its broad antifibrotic capabilities.'"!

Pirfenidone also exerts its effects by suppressing the TGF-/Smad signaling pathway, a central regulator of fibrosis
and inflammation, leading to reduced expression of fibrosis-related factors and enhanced tissue recovery.''*'"* Molecular
docking studies suggest that Pirfenidone binds to kinases such as p38 mitogen-activated protein kinase (MAPK), serine/
threonine protein kinase B (AKT)-1, and extracellular signal-regulated kinase (ERK)-1/2, indicating a complex interac-
tion that modulates inflammation and tissue remodeling.''* In nonalcoholic fatty liver disease models, Pirfenidone
mitigates oxidative stress and inflammation through the activation of the nuclear factor-erythroid 2-related factor
(Nrf)-2 signaling pathway,''> further extending its antifibrotic properties.

Clinical evidence supports the efficacy of Pirfenidone in managing IPF, where it significantly slows the decline in
FVC and improves progression-free survival.''® Its protective effects against myocardial fibrosis have been observed in
IPF patients, with a lower incidence of arrhythmic events.''”

Generally well-tolerated, typical side effects include gastrointestinal symptoms and photosensitivity. However, the
therapeutic efficacy of Pirfenidone may vary depending on the specific fibrotic condition and underlying pathophysiol-
ogy, underscoring the need for individualized treatment strategies. While Pirfenidone is a promising therapeutic option
for various fibrotic and inflammatory diseases, further research is essential to fully elucidate its long-term effects,

optimize its clinical application, and explore its potential across a broader range of diseases.'*%!'®

Nintedanib

Nintedanib is another oral antifibrotic agent approved for the treatment of IPF and is currently being investigated for the
treatment of RA-associated interstitial lung disease (ILD).''” Nintedanib inhibits multiple receptor tyrosine kinases
involved in the pathogenesis of pulmonary fibrosis, including the FGF receptor, PDGF receptor, and VEGF receptor.
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Pharmacokinetics

Rapidly absorbed after oral administration, Nintedanib reaches maximum plasma concentrations (Cmax) within 2—4 hours
and demonstrates a high volume of distribution (Vss = 1050 L), particularly in the lungs.'**'?! Its extensive tissue
partitioning in lung tissue is a key feature for treating pulmonary conditions.

The absorption rate constant (Ka) is about 0.0827 h—1, with a lag time of 25 minutes.'** The drug’s absorption,
however, is limited by its poor solubility, which contributes to its low oral bioavailability of approximately 5% and first-
pass metabolism.'?! To address these limitations, advanced drug delivery systems have been explored. For instance, self-
microemulsifying drug delivery systems (SMEDDS) have been shown to enhance Nintedanib’s permeability by 2.8- to
3.0-fold in vivo, significantly improving its bioavailability.'** Nanocrystal formulations, such as BIBF-NCs, enhance
absorption by reducing particle size and maintaining drug supersaturation, resulting in a 2.58-fold increase in bioavail-
ability compared to soft capsules.'?* Moreover, nano-lipid carriers (NLCs) loaded with Nintedanib esylate demonstrated
a 26.31-fold increase in bioavailability through enhanced lymphatic uptake.'>> These formulation strategies highlight
promising innovations to overcome the inherent absorption challenges of Nintedanib.

Nintedanib undergoes complex hepatic metabolism, leading to the formation of inactive metabolites. Hydrolysis in
the liver, mediated by carboxylesterase (CES)-1, converts the drug to a carboxylate derivative (BIBF1202), which is
further glucuronidated by UGT1A1 and other UDP-glucuronosyltransferases (UGTs), such as UGT1A7, UGT1A8, and
UGT1A10. This glucuronide metabolite can also be hydrolyzed back to BIBF1202, a reversible process that impacts its
pharmacokinetics and excretion.'**'*® The majority of Nintedanib is excreted via feces, with less than 1% eliminated
unchanged through urine. Despite this complex metabolic profile, the drug exhibits a terminal elimination half-life of
10—15 hours, with minimal accumulation upon repeated dosing, making it manageable for long-term treatments.'°

Hepatic impairment markedly affects Nintedanib pharmacokinetics, leading to increased drug exposure in these
patients, which necessitates careful monitoring and potential dose adjustments.'?” Nevertheless, despite these metabolic
and pharmacokinetic challenges, Nintedanib is generally well-tolerated; however, adverse effects, such as gastrointestinal
disturbances, can sometimes require dose reduction or treatment discontinuation.'*® To mitigate systemic side effects,
inhalation formulations of Nintedanib have been developed to improve localized pulmonary drug delivery, thereby

enhancing therapeutic efficacy while reducing overall systemic exposure.'**'3°

Pharmacodynamics
Nintedanib, a potent tyrosine kinase inhibitor, is recognized for its significant pharmacodynamic properties, particularly
its role in modulating angiogenesis and fibrosis, both critical processes in diseases like IPF and certain cancers. Its
mechanism of action centers on inhibiting key receptor tyrosine kinases (RTKs), such as VEGF receptors, PDGF
receptors, and FGF receptors, which are crucial in promoting angiogenesis, fibrosis, and tumor progression.'2%!3!

Through the inhibition of the VEGF receptor, Nintedanib disrupts tumor vascularization, limiting the blood supply
essential for tumor growth, while targeting the PDGF receptor interferes with cellular proliferation and survival
mechanisms. FGF receptor inhibition further hampers cellular differentiation and growth, contributing to its broad
antitumor and antifibrotic effects.'**"'*! This multi-target approach positions Nintedanib as a valuable agent across
various conditions, including IPF and malignancies like prostate and gastric cancers.'** '3

In IPF, Nintedanib has been shown to slow the decline in lung function by reducing the rate of FVC decline, thus
prolonging patient survival and quality of life.'** It also exhibits significant antifibrotic effects by inhibiting fibroblast
activity, a key driver in IPF, where fibroblast proliferation and extracellular matrix accumulation lead to progressive lung
fibrosis.'*> These effects extend to other fibrotic conditions, including autoimmune-related interstitial lung diseases
(ILDs) and PPF, where it has consistently slowed disease progression across various underlying conditions.'*'?”

Nintedanib is actively explored for its role in inhibiting EMT, a process involved in fibrosis and cancer metastasis. In
retinal pigment epithelial cells, for instance, Nintedanib reduced EMT, inhibiting cell migration and proliferation, which
is significant in conditions like proliferative vitreoretinopathy.'®
Moreover, its broad activity against multiple signaling pathways, including its anti-inflammatory effects, has been

documented in various studies. For example, it suppresses the Janus kinase-2/signal transducer and activator of the
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transcription-3 (JAK2/STAT3) pathway, selectively inducing the death of senescent cells, which may have implications

for age-related diseases and conditions associated with chronic inflammation.'’

The Role of Pirfenidone and Nintedanib in RA-PF

In recent years, the repurposing of antifibrotic agents, initially approved for IPF, for the management of RA-PF has
gained attention. However, the current clinical evidence on the efficacy and safety of these agents in RA patients with
pulmonary fibrosis is inconclusive. Studies directly evaluating the effects of Pirfenidone and Nintedanib in patients with
RA-PF offer valuable findings,'**""** although the evidence is minimal. Table 1 summarizes original research studies
(randomized controlled trials and observational studies) investigating the effects of Pirfenidone and Nintedanib in
patients with RA-PF.

The study by Matteson and colleagues utilized data from a subgroup of the INBUILD trial, explicitly focusing on RA-
ILD patients,'*° to evaluate the efficacy and safety of Nintedanib compared to placebo in patients with progressive RA-
ILD who progressed to pulmonary fibrosis (PF). All the patients had shown progression to PF, despite clinical manage-
ment, and were randomized to Nintedanib or placebo. In the 89 included patients, the FCV over 52 weeks declined in
both groups, with a significantly higher decline in the placebo group, confirming the protective role of Nintedanib in the
population (Nintedanib: —82.6 mL/year, placebo: —199.3 mL/year, P = 0.037). This study also demonstrated that patients
treated with Nintedanib experienced fewer acute exacerbations of underlying lung disease and had a lower mortality rate
compared to the placebo group. The most common adverse effect was diarrhea, which occurred more frequently in the
Nintedanib group (61.9% vs 27.7%). It should be noted that the study design did not randomize patients based on
treatments other than Nintedanib; however, among patients with RA-ILD, the effect of Nintedanib on reducing FVC
decline in patients initially taking DMARDs and/or glucocorticoids was similar to that observed in all patients with RA-
ILD.

Complementing the previous randomized controlled trial (RCT), Narvaez et al evaluated the tolerability and
effectiveness of Nintedanib and Pirfenidone in patients with progressive fibrosing RA-ILD in a longitudinal, retro-
spective observational study.'*® They used data from 27 patients (25 using Nintedanib and 2 using Pirfenidone) with
a median follow-up of 25 months. Among the total population, 18 patients completed one-year treatment and showed
significant improvement in FVC% (+4.7%, P = 0.023), while nine patients completed two-year treatment with a higher
increase in FVC% (+7.7%, P = 0.037). Moreover, the DLCO% remained unchanged during the one- and two-year
treatment periods (one year: —3.8%, P = 0.175; two years: —2.2%, P = 0.621). The most common adverse events were
gastrointestinal in nature. According to the reported results, adverse events led to permanent dose reductions in 40% of
patients treated with Nintedanib and 14% of patients treated with pirfenidone, and resulted in treatment discontinuation in
18.5% of patients. The small sample size in this study is striking, and the lack of a control group somewhat overshadows
the accuracy and precision of the results obtained. Additionally, due to the small sample size, it was not possible to

Table | Efficacy and Safety of Antifibrotic Agents in Patients with RA-PF

Author (Year)

Study Type

Population

Medication(s)

Key Finding

Matteson et al (2023)'*°

Subgroup analysis of
RCT (INBUILD)

89 RA-ILD patients
(progressive to PF)

Nintedanib, placebo

Slowed FVC decline (Nintedanib: —82.6 mL/year, placebo:
—199.3 mL/year, P = 0.037).

Duarte et al (2024)'*'

Multicenter
observational study

40 RA-ILD patients

Nintedanib (67.5%),
Pirfenidone (32.5%)

FVC/TLC decline reversed, while DLCO continued to drop
(P < 0.05).

Solomon et al (2023)'*?

RCT (TRAILI)

123 RA-ILD patients
(likely fibrotic)

Pirfenidone (51%),
placebo (49%)

No significant difference in primary endpoint (decline in FVC%
from baseline of 10% or more or death).

Narvéez et al (2024)'*

Observational study

27 RA-PF patients

Nintedanib (92.5%),
Pirfenidone (7.5%)

Antifibrotic therapy was associated with %pFVC improvement
and %pDLCO stabilization.

Juge et al (2024)'**

Retrospective
cohort study

74 RA-PF patients

Nintedanib (55%),
Pirfenidone (45%)

The estimated slope of FVCpp was significantly improved after
initiation (—0.3% vs —6.2% in one year, P = 0.03).

Abbreviations: ILD, Interstitial Lung Disease; RA-PF, Rheumatoid Arthritis—Associated Pulmonary Fibrosis; FVC, Forced Vital Capacity; DLCO, Diffusing Capacity of the
Lung for Carbon Monoxide; TLC, Total Lung Capacity; RCT, Randomized Controlled Trial.
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perform any adjusted analyses to rule out possible confounding factors that might affect the association between
antifibrotic drugs and outcomes. To conclude, antifibrotic therapy was associated with improvements in FVC% and
stabilization of DLCO%. To conclude, antifibrotic therapy was associated with improvements in FVC% and stabilization
of DLCO%.

Similar to the cohort studied by Narvaez et al,'*® the study conducted by Duarte et al evaluated the efficacy of
antifibrotics in a real-world cohort of patients with RA-ILD.'*' They used a mixed linear model with random intercept
and random slope to compare the results of pulmonary function tests within 12 (£6) months before and 12 (+6) months
after starting antifibrotic drugs. In this multicenter observational study, 40 RA-ILD patients were initially treated with
either Nintedanib (27 patients) or Pirfenidone (13 patients). Using antifibrotics improved FVC one year after initiation,
with a 200 mL improvement in the year after treatment compared to a 300 mL decline in the year before initiation (P =
0.336). Moreover, total lung capacity (TLC) improved by 600 mL after initiation compared to an 800 mL decline in
the year before treatment (P = 0.147). Finally, DLCO remained in decline before and after the treatment (before: —3% vs
after: —2.9%, P = 0.75).

The role of Pirfenidone in RA-PF remains less clear. In a randomized, double-blind, placebo-controlled RCT
(TRIALI1), Solomon et al'** evaluated the safety, tolerability, and efficacy of Pirfenidone in RA-ILD patients. Of the
total 123 patients, 63 initiated Pirfenidone, while 60 received a placebo. The trial was halted early due to the coronavirus
disease-2019 (COVID-19) pandemic, which limited the scope of the findings. The primary outcome was a more than
10% decline in FVC% or death, which was not significantly different between the pirfenidone and placebo groups
(Pirfenidone: 11% vs placebo: 15%, P = 0.48). However, patients receiving Pirfenidone showed a slower decline in
absolute FVC (=66 vs —146, P = 0.0082) and FVC% (—1.02 vs —=3.21, P = 0.0028). Although the effect of Pirfenidone in
reducing the decline in FVC was promising, the primary endpoint showed no difference.

Finally, in a retrospective cohort study, Juge et al evaluated the effectiveness and tolerability of antifibrotics in RA-
ILD patients receiving Nintedanib or Pirfenidone from 2014 to 2023.'*> Among the 74 total patients, 40 initiated
Nintedanib and 34 initiated Pirfenidone, with a median follow-up of 89 weeks. The estimated slope of FVCpp was
significantly improved after initiation (—0.3%/year after initiation compared to —6.2%/year before treatment, P = 0.03). It
should be noted that the small sample size of this study may have reduced the power to detect significant clinical and
preclinical changes.

Discussion

Despite appropriate treatment options, DMARDs, in the management of joint disease in RA patients, the effectiveness of
these treatments in pulmonary involvement has been inconsistent and challenging.'*® While DMARDs may respond to
some instances of RA-ILD with an inflammatory pattern, fibrotic RA-ILD, particularly with a UIP pattern, tends to be
unresponsive to DMARDs.'*” Tt is worth noting that there is conflicting data, leading to concerns about pulmonary
toxicity from the use of immunomodulators for the treatment of RA."*® In recent years, due to the inadequacy of existing
treatments and the progressive course of fibrotic changes in RA patients, which is associated with a poorer prognosis in
patients, efforts have been made to use previously known antifibrotic drugs that have proven successful in studies on IPF
patients. The positive effects of antifibrotic drugs, Pirfenidone and Nintedanib, in reducing the deterioration of lung
function, as well as improving life expectancy in IPF patients, have been demonstrated in numerous studies.'*”"'** The
similarities in the pathogenesis of IPF and RA-PF patients make the use of antifibrotic drugs in this group of patients
rational. Currently, we are faced with limitations in the available studies investigating the role of these drugs in RA
patients. The current results are based on small randomized clinical trials and small sample sizes, which cannot be relied
upon as a sound scientific basis.

A decrease in FVC in patients with interstitial lung disease indicates disease progression and is used as a predictive
factor for prognosis and mortality.'>""'>* It has been observed that DLCO is also reduced due to the diminished diffusion
surface and impaired gas exchange caused by increased alveolar-capillary membrane thickness resulting from lung
fibrosis in ILD. It is of great importance to note that while lung volumes decrease in ILD patients in more advanced

cases, changes in DLCO have helped diagnose mild and early cases of the disease.'>
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Based on the results of the few available studies, the effect of antifibrotic drugs on pulmonary function has been
variable, ranging from no change to delayed decline in FVC reported in different studies. Recently, in a meta-analysis
study, Jang and colleagues examined the effects of antifibrotic drugs in RA-ILD. The results of the meta-analysis
revealed a significant reduction in FVC decline in patients with RA-ILD treated with antifibrotic agents compared with
placebo (mean difference, 88.30; 95% CI, 37.107139.50).”9 They include only two randomized clinical trials, and the
small number of participants is undoubtedly a significant limitation in accepting the meta-analysis findings as reliable and
substantial evidence in defense of the clinical use of these drugs in RA patients.

An essential point to consider when using antifibrotic drugs in RA patients is that the effectiveness of these drugs
should not be focused solely on pulmonary function. The clinical effects of these drugs in improving the quality of life of
patients and reducing mortality should be considered. These issues cannot be accurately assessed with our current data.

It is essential to note that in every treatment strategy, the discussion of cost-effectiveness in various forms should be
carefully evaluated. In a study conducted in France on IPF patients, it was concluded that Pirfenidone is likely to be
a cost-effective strategy compared to best supportive care and appears to be more efficient and less expensive than
Nintedanib for treating patients.'>* A study conducted in Belgium on IPF patients yielded a different conclusion from the
previous study. A cost-effectiveness analysis revealed that the use of Nintedanib was superior to Pirfenidone in these
patients.'> Indeed, our information on this issue in RA patients is minimal; however, regional conditions should be
considered in terms of cost-effectiveness when recommending the initiation of treatment. In our observational experience
in Iran on IPF patients, Limited access to these drugs, as well as their high prices in the country’s pharmaceutical market,
have been common problems in treating patients.

We identified some limitations in the previous research conducted on the efficacy of antifibrotic agents in patients
with RA-ILD. As mentioned earlier, the small number of studies conducted in this field has led to a scientific gap in
answering the important clinical question of whether antifibrotic drugs can play a significant role in the treatment of RA-
ILD. There is a lack of well-designed clinical trials with adequate sample sizes. Our review found only two RCTs, and
the others were observational and mostly retrospective. The lack of randomization of study participants based on their
receipt of medications other than antifibrotic drugs is an important consideration when interpreting the results obtained.
The TRAIL1 study, designed to investigate the efficacy of pirfenidone in patients with RA-ILD, was terminated early due
to the onset of the COVID-19 pandemic, resulting in an underpowered analysis of the primary endpoint. The small
sample sizes of studies conducted in this area have limited the ability of these studies to detect significant changes in key
outcomes. Our data from many trials are based on a 52-week treatment period, which may not fully reflect the results of
treatment in diseases such as RA-ILD, which have a long-term clinical course. Heterogeneity is also observed in study
design. Inclusion criteria for participants in studies varied and included different thresholds for spirometric and imaging
indices. In some studies, the extent and type of interstitial lung involvement were not specified. The outcomes reported as
endpoints in the studies have varied. Some studies have focused solely on spirometric measures and lung function tests,
while others have also examined clinical outcomes, including mortality, exacerbations, and drug side effects. Overall, it
appears that we currently have significantly less information about pirfenidone than Nintedanib in this regard. Even in
studies that have examined both drugs in patients, the number of patients treated with pirfenidone has been substantially
lower.

Given the currently available evidence and the scientific gap in this field, some directions are recommended for future
studies on the efficacy of antifibrotic drugs in RA-ILD. Designing and implementing randomized controlled studies with
careful participant selection and minimal confounding factors will greatly help identify the effects of these treatments in
patients. Subgroup analysis is useful in evaluating the effectiveness of treatment in various patient groups. For example,
it is suggested that this analysis be performed in patients with varying degrees of interstitial lung involvement on imaging
(UIP or NSIP). On this basis, future studies can provide information on which groups of patients are likely to respond
better to these treatments and derive greater benefits. Trial designs comparing pirfenidone and Nintedanib with each other
in RA-ILD patients, and even their combination in the treatment of this disease, are recommended for future imple-
mentation. Considering the endpoints of future studies on patient-centered outcomes, such as cough, activity-related
shortness of breath, and quality of life, is another important point that should be strongly considered in the design of
future studies.
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Conclusion
Given the common pathogenic process in the development of pulmonary fibrosis in RA and IPF patients, the use of

antifibrotic drugs may be effective in reducing the decline in pulmonary function in patients with RA. Despite the

evidence of a potential role in the pathogenesis of the disease, there is currently no strong clinical evidence to recommend

the use of these drugs in this clinical setting. The need for further randomized clinical trials to evaluate the potential

efficacy of these drugs in RA-ILD patients in the future is strongly felt.
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