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Abstract: Background: Rheumatoid arthritis-associated interstitial lung disease (RA-ILD) is a com-
mon extra-articular clinical manifestation of rheumatoid arthritis (RA) that has negative impacts on
morbidity and mortality. In addition, there has been no proven treatment for RA-ILD to date. Thus,
we planned a meta-analysis of a literature search to confirm the clinical effects of antifibrotic agents
in RA-ILD patients. Materials and Methods: We conducted the literature search in Ovid MEDLIVE®

databases, Cochrane Library databases, EMBASE, and KoreaMed and identified references eluci-
dating the role of nintedanib or pirfenidone in adult patients with RA-ILD. Among the identified
studies, those with comparative interventions, complete results of clinical trials, and available full
text were included in the analysis. The primary outcome was the effect of the antifibrotic agent on
disease progression in RA-ILD patients assessed with a mean difference in the change of forced vital
capacity (FVC) and the proportion of patients with an increase in percent predicted FVC of 10% or
more over 52 weeks. Analysis for heterogeneity was assessed through I2 statistics. Meta-analysis with
a fixed effect model was performed on changes in FVC. Results: A total of 153 articles were identified
through database searches, of which 28 were excluded because of duplication. After additional
screening, 109 studies were selected with full text and two articles qualified for analysis according to
the set inclusion and exclusion criteria. As a result, two randomized controlled studies were selected,
comparing nintedanib and pirfenidone to placebo, respectively. The meta-analysis revealed that
antifibrotic agents showed a significant reduction in FVC decline compared to placebo in patients
with RA-ILD (mean difference, 88.30; 95% CI, 37.10–139.50). Additionally, there were significantly
fewer patients experienced an increase in percent predicted FVC of 10% or more in the antifibrotic
agent group compared to the placebo group (Odds ratio 0.42; 95% CI 0.19–0.95, p = 0.04). There
was no significant heterogeneity between the two included studies (χ2 = 0.35, p = 0.0007, I2 = 0%).
Conclusions: The meta-analysis suggests that nintedanib and pirfenidone may have clinical utility
in reducing disease progression in patients with RA-ILD. Further research is needed to confirm the
clinical benefits of antifibrotic agents in RA-ILD.
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1. Introduction

Rheumatoid arthritis (RA) is one of the most common systemic autoimmune disease,
characterized by a chronic inflammatory arthritis and eventual joint destruction affecting
0.5–1% of the population worldwide [1]. RA can involve not only joints but also various
tissues and organs throughout the body. Extra-articular involvements of RA occur in
approximately 40% of patients with RA and can occur both early in the disease and during
the course of the disease [2].

The most common extra-articular involvement is pulmonary involvement, with vary-
ing prevalence ranging from 15% to 58%, depending on the study among RA patients
during the course of the disease [3–5]. Among the various forms of pulmonary involve-
ment, interstitial lung disease (ILD) is the most common, and it can manifest either as a
subclinical interstitial lung abnormality (ILA) or as a clinically significant symptomatic
ILD [6]. The overall prevalence of RA-associated ILD (RA-ILD) varies from 10% to 50%
across the literature, depending on the definition of ILD and screening tools [6,7]. The
prevalence of clinically significant symptomatic RA-ILD is 7–10%, accounting for 10–20%
of all mortality associated with RA [6,8–10]. Previous studies have reported that patients
with RA-ILD have a 2 to 10 times higher mortality rate than those without RA-ILD [6,8,9].

In RA-ILD, the usual interstitial pneumonia (UIP) pattern is the most common histo-
logic and radiologic feature with a prevalence that ranges from 13% to 74% depending on
the study [11,12]. RA-ILD with UIP has a poor prognosis among connective tissue disease-
related ILDs (CTD-ILDs) that is comparable to idiopathic pulmonary fibrosis (IPF) and
shares pathophysiologic similarities with IPF [11,13]. For the articular manifestations of RA,
there have been many advances in disease-modifying anti-rheumatoid drugs (DMARDs),
but the clinical effect of DMARDs on RA-ILD is still controversial [14,15]. While DMARDs
may exhibit a treatment response in certain cases of RA-ILD with inflammatory pattern,
fibrotic RA-ILD, especially with UIP pattern, tends to be irresponsive to DMARDs [16]. Ad-
ditionally, there had been no randomized controlled trials on the effectiveness of DMARDs
in RA-ILD [17]. Given the poor prognosis, the lack of evidence for treatment, the similarity
with IPF, and the emerging concept of progressive pulmonary fibrosis (PPF), interest in
using antifibrotic agents, which have shown promising clinical efficacy in IPF patients, for
treatment in patients with RA-ILD has been increasing. Two antifibrotic agents, pirfenidone,
which inhibits transforming growth factor-β, tumor necrosis factor-α, and platelet-derived
growth factor (PDGF) and nintedanib, which inhibits vascular endothelial growth factor,
have been known to hinder the pro-fibrotic activity of fibroblasts and fibrocytes [18,19].
Both antifibrotic agents have demonstrated positive clinical effect in patients with IPF by
reducing deterioration in lung function and improving life expectancy [20–24].

Studies on the clinical effects and safety of antifibrotic agents in RA-ILD are still
needed; therefore, we conducted a meta-analysis of the literature to confirm the clinical
effects of pirfenidone and nintedanib on RA-ILD.

2. Materials and Methods

This research was conducted according to the Preferred Reporting Items for Systematic
Review and Meta-Analyses (PRISMA) statement, and the checklist is described in Table
S1. Since this study only used publicly available data, approval from the institutional
review board was exempted. The protocol for the systematic review was not registered in a
prospective register such as PROSPERO.

2.1. Literature Search Strategy

The following databases were searched on 1 June 2023: Cochrane Library databases,
EMBASE, KoreaMed, and Ovid MEDLINE (R). Relevant literature published up to the
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search date, without restrictions on the publication period, was included. There were no
language restrictions for the initial search. The extensive literature search focused on the
use of two antifibrotic agents, pirfenidone and nintedanib, in patients with RA-ILD. The
strategy for the literature search with keywords and combinations is presented in Table S2.

2.2. Inclusion Criteria

The Population, Intervention, Comparison, Outcomes and Study (PICOS) design for
the inclusion criteria was defined as follows: (1) patients with RA-ILD as the population of
interest (P), (2) administration of antifibrotic agents, pirfenidone or nintedanib (I), (3) com-
parison with the placebo group (C), (4) investigation of the impact of antifibrotic agents
on forced vital capacity (FVC) decline as the outcome of interest (O), and (5) randomized
controlled trials (S). Additionally, only articles containing complete results and available in
full text were included.

2.3. Exclusion Criteria

The exclusion criteria were applied as follows: (1) studies on non-human subjects
such as animal experiments and laboratory experiments, (2) studies not targeting RA-ILD,
(3) studies without comparative interventions between antifibrotic agents and placebo or
existing treatments, (4) studies not published in English or Korean, (5) duplicate publi-
cations (i.e., publications in other journals with the same content or differences only in
publication format), and (6) studies for which the original text could not be obtained.

2.4. Primary Outcome

The primary outcome of this study was to evaluate the clinical impact of the an-
tifibrotic agents, nintedanib or pirfenidone, on the disease progression of RA-ILD. The
effect of antifibrotic agents was evaluated through the change in FVC over 52 weeks along
with the proportion of patients with a decrease in percent predicted FVC of 10% or more
over 52 weeks. An expedited deterioration in lung function over time aligns with disease
progression and correlates with mortality in various interstitial lung disease [25]. Further-
more, FVC, which is recognized as an established efficacy measure, is also related to the
therapeutic effect of antifibrotic agents [26].

2.5. Secondary Outcome

Secondary outcomes included (1) changes in the diffusing capacity of the lung for
carbon monoxide (DLco) over 52 weeks, (2) all-cause mortality expressed as the number of
patients had died over 52 weeks regardless of the cause, and (3) the incidence of overall
adverse events, along with severe adverse events and the well-known hurdles associated
with the use of antifibrotic agents, namely gastrointestinal side effects.

2.6. Data Extraction and Analysis

Two reviewers independently extracted the data from all references. De-duplicated
studies were imported into Covidence online software (https://www.covidence.org, ac-
cessed on 1 June 2023). Two authors reviewed the titles and abstracts of the de-duplicated
studies and chose the relevant studies. Any discrepancies were solved through discussion.
Then, two reviewers independently reviewed the full text of the selected article once again.
We extracted participant data, inclusion/exclusion criteria, intervention details, and out-
come measurements. Any differences in the data extraction were resolved by discussion
and/or consultation with a third reviewer.

2.7. Assessment of Quality and the Level of Evidence

The quality of selected studies was assessed using the criteria outlined in the Cochrane
Handbook for Systematic Reviews of Interventions according to the seven domains: ran-
dom sequence generation, allocation concealment, blinding of participants and personnel,
blinding of outcome assessment, incomplete outcome data, selective reporting, and other

https://www.covidence.org
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biases. Each domain was rated as low, high, or unclear risk. The level of evidence was
assessed with the Grading of Recommendations Assessment, Development, and Evaluation
(GRADE) approach (GRADEpro, Version 3.6 for Windows, Grade Working group).

2.8. Statistical Analysis

The final selected randomized controlled trials (RCTs) were combined using Review
Manager 5.4. The heterogeneity of studies was assessed using the Cochrane Q statistic.
After evaluating for heterogeneity of studies with the I2 statistic, we applied a fixed effects
model based on the results. The effect size was measured through the mean difference
(MD) for continuous variables, odds ratio or risk ratio for dichotomous variables with a
95% confidence interval (CI). A p < 0.05 was considered statistically significant. Due to the
small number of included studies, a funnel plot for publication bias was not performed to
check for publication bias.

3. Results
3.1. Literature Review and Selection

A total of 153 articles were identified through database searches, of which 28 were
excluded because of duplication. After screening the titles and abstracts, an additional
16 records were removed due to irrelevant publishing types or studies. Thus, a total of
109 articles were used for the study (Figure 1). Out of the 109 full-text articles, 2 qualified
for further analysis according to the set inclusion and exclusion criteria.
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3.2. Characteristics of the Included RCTs

Two eligible RCTs were included in the meta-analysis. The summarized characteristics
of the included studies are shown in Table 1. There was a total of two studies adminis-
tering nintedanib or pirfenidone; however, the composition and dosage of nintedanib or
pirfenidone differed in each study.
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Table 1. Summary of characteristics of the included studies and outcomes.

Study Matteson et al., 2023 [27] Solomon et al., 2022 [28]

Published journal Clinical Rheumatology The Lancet Respiratory Medicine

Study design Double-blind, randomized, placebo-controlled,
phase 3 trial (INBUILD)

Double-blind, randomized, placebo-controlled,
parallel-group, phase 2 trial (TRAIL1)

Intervention group Nintedanib
(n = 42)

Placebo
(n = 47)

Pirfenidone
(n = 63)

Placebo
(n = 60)

Age, years 66.9 (9.6) 66.0 (61.0–74.0) 69.5 (63.5–74.5)
Male, n (%) 36 (60.7) 38 (60) 39 (65)

Intervention Nintedanib 150 mg
twice a day Placebo

Pirfenidone three 267
mg tablets three times a

day
Placebo

Study duration, weeks 52 52
Baseline FVC, L - - 2.6 (0.8) 2.6 (0.8)
Baseline FVC, %

predicted 71.5 (16.2) 69.4 (14.8) 70.4 (14.2)

Baseline DLco, %
predicted 47.7 (15.6) 50.0 (12.6) 47.6 (12.8)

Outcome

FVC a,b,c

Acute exacerbation
Mortality

Hospitalization
Progression of ILD e or death

Safety and Tolerability

FVC a,b

Progression by OMERACT d

Mortality
Dyspnea-12 questionnaire

Hospitalization
Safety and Tolerability

Data are presented as either the mean (SD) or n (%). a. Rate of FVC decline (mL/year); b. The proportion of
patients with an absolute decline in FVC ≥ 10% (% predicted); c. The proportion of patients with a relative decline
in FVC ≥ 10% (% predicted); d. ≥10% relative decline in FVC or ≥5% to <10% relative decline in FVC and ≥15%
relative decline in DLco; e. Defined as an absolute decline from baseline in FVC ≥ 10% (% predicted); FVC,
forced vital capacity; DLco, diffusion capacity of the lung for carbon monoxide; HRCT, high-resolution computed
tomography; OMERACT, outcome measures for rheumatoid arthritis clinical trials.

The study by Matteson et al. [27] was a subgroup analysis for the INBUILD trial and
represented the clinical effect of nintedanib in patients with RA-ILD. A total of 89 patients
with RA-ILD were included, with 42 of them in the nintedanib group and 47 in the PBO
group. Nintedanib was administered at 150 mg twice daily for 52 weeks. In Solomon
et al. [28], 63 patients aged 61–74 (mean age, 66 years) were administered oral pirfenidone
at 2403 mg per day in divided doses (three 267 mg tablets three times a day). Pirfenidone
was titrated to the maximum dose over 14 days (participants took one 267 mg tablet three
times a day for days 1–7, two 267 mg tablets a day for days 8–14, and three 267 mg tablets
from day 14 onwards) and patients were maintained on the study treatment for 52 weeks.

3.3. Effect of Antifibrotic Agents on the Disease Progression in RA-ILD Patients

Both RCTs investigated the effect of nintedanib or pirfenidone on the change in FVC in
RA-ILD patients. Comparison between the nintedanib or pirfenidone group and the placebo
group showed significant differences in FVC. In the study by Matteson et al. [27], the mean
(standard error, SE) change in FVC over 52 weeks, which was equivalent to one year, was
found to be −82.6 (41.3) mL/year in the nintedanib group and −199.3 (36.2) mL/year in
the placebo group. The study conducted by Solomon et al. [28], comparing pirfenidone
and placebo, also demonstrated similar results, where the mean (SE) change in FVC over
one year was −66 (21) mL/year in the pirfenidone group and −146 (21) mL/year in the
placebo group. Since the FVC change values in both studies were presented as means and
SE values, the square root of each study’s sample size was multiplied by the SE value to
calculate the standard deviation, as a preliminary step for analyzing the effect size. Using
the calculated SD values, the analysis of the effect size of antifibrotic agents on FVC change
was performed. The result of the analysis revealed that the reduction in FVC was more
significant in the placebo group than the antifibrotic agent group (MD, 88.30; 95% CI, 37.10–
139.50, p = 0.0007). There was no significant heterogeneity between the two included studies
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(χ2 = 0.35, I2 = 0%). Both studies also reported the number and proportion of patients with
an absolute increase in percent predicted FVC of 10% or more. The meta-analysis results
revealed that in the antifibrotic agent group, significantly fewer patients experienced a
decrease in percent predicted FVC of 10% or more compared to the placebo group (odds
ratio 0.42; 95% CI 0.19–0.95, p = 0.04). No significant heterogeneity between the two studies
were found (χ2 = 0.95, I2 = 0%). The results of the meta-analysis and the forest plots are
summarized in Figure 2.
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3.4. Effect of Antifibrotic Agents on Changes in DLco over 52 Weeks

Unfortunately, both RCTs included in the study incorporated the baseline mean DLco
in the results, but did not report the changes over the 52-week period. As a result, the
analysis of the changes in DLco could not be performed.

3.5. All-Cause Mortality over 52 Weeks

The results regarding all-cause mortality were reported in both studies. According
to the analysis results, there was no significant difference in all-cause mortality between
the antifibrotic agent group and the placebo group (risk ratio (RR) 0.82; 95% CI 0.37–1.81,
p = 0.62) (Figure 3).
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3.6. Adverse Events over 52-Week Period

Adverse events were assessed in both studies. Both studies reported the number of
affected patients in each group. The incidence of patients with overall adverse events were
higher in the antifibrotic agent group (RR 1.06; 95% CI 1.00–1.11, p = 0.04). On the other
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hand, the incidence of severe adverse events did not show a significant difference between
the antifibrotic agent group and the placebo group (RR 1.03; 95% CI 0.76–1.39, p = 0.86).
The risk of gastrointestinal adverse events differed with statistical significance between
the two groups. The risks of nausea (RR 2.5; 95% CI 1.52–4.10, p = 0.0003), diarrhea (RR
1.65; 95% CI 1.12–2.41, p = 0.01), vomiting (RR 2.13; 95% CI 0.94–4.8, p = 0.07), and loss of
appetite (RR 3.04; 95% CI 1.37–6.73, p = 0.006) were significantly higher in the antifibrotic
agent group than the placebo group (Figure 4).
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3.7. Risk of Bias Assessment

Graphical summary for risk of bias of included studies is presented in Figure 5. Both
included RCTs fulfilled random sequence generation, allocation, blinding of participants
and personnel, and blinding of outcome assessment. And the risk of selective reporting
was deemed low in both studies as they thoroughly reported their outcomes according to
the original trial design. However, due to a significant dose reduction or discontinuation
rate caused by side effects, a high risk of attrition bias was considered. Additionally, the
study by Solomon et al. was deemed to have a potential bias in the results due to early
termination resulting from the COVID-19 pandemic and slow recruitment.
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3.8. Certainty of Evidence for the Effect of Antifibrotic Agents on Disease Progression

The certainty of evidence was assessed as per the GRADE approach. Given the
relatively small number of patients included in each study, the certainty rating for effect
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size was considered a “moderate level of evidence”. The assessments and justifications for
each GRADE criteria are summarized in Figure 6.
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4. Discussion

This study included two RCTs involving 212 patients with RA-ILD. Both pirfenidone
and nintedanib were shown to reduce the decrease in FVC compared to the placebo group,
respectively. Also, in the meta-analysis results, the use of antifibrotic agents was shown
to have an effect in reducing FVC decline compared to the placebo group, regardless of
the type of antifibrotic agent (MD 88.30; 95% CI, 37.10–139.50). Furthermore, cases where
percent predicted FVC decreased by 10% or more in one year, which can be considered as
disease progression, occurred less frequently in the antifibrotic agent group (odds ratio 0.42;
95% CI 0.19–0.95, p = 0.04). Analysis of the certainty of the effect size was conducted using
GRADE, and it was rated as a ‘moderate level of evidence’ considering the relatively small
sample size for each RCTs (107 patients in Matteson et al. [27]; 105 patients in Solomon
et al. [28]).

Advancements in the treatment of RA have led to a reduction in irreversible joint
damage, but there are still many challenges in the treatment of RA-ILD [29]. Although
there are conflicting data, concerns remain regarding pulmonary toxicity surrounding the
use of immune-modulators (typically represented by DMARDs) to treat RA [30] and a lack
of evidence as an effective treatment for ILD [11]. Moreover, UIP is predominant in RA-ILD,
unlike other CTD-ILDs, and RA-ILD with UIP has a poorer prognosis than other patterns of
ILD such as nonspecific interstitial pneumonia [31–33]. Median survival for RA-ILD with
UIP pattern has been reported as 3.9 years in the study by Akiyama et al. [29] and 3.5 years
in the study by Hakala et al. [34]. While the average survival of IPF varies between 2 and
4 years in different studies and is generally reported around three years [35,36], considering
this, RA-ILD with UIP pattern can be considered to exhibit better survival than IPF, but it
still carries a poor prognosis. In addition to a poor prognosis, there are more similarities
between RA-ILD, especially when accompanied by UIP, and IPF. Several studies have
found genetic predisposition as a cause for the high proportion of UIP in RA-ILD, including
mutations in genes that are known to be associated with familial interstitial pneumonia,
including TERT, RTEL1, and SFTPC [37]. RA-ILD also shares similarities with IPF, including
a high prevalence of UIP pattern [38], similar environmental risk factors [39], and a high
mortality rate [32]. The MUC5B promotor variant rs35705950 is a strong genetic risk factor
for IPF; it is found in more than 50% of patients with IPF and accounts for 30% of the
disease-developing risk [40–43]. Although subsequent study did not show a significant
impact of the rs35705950 on transplant-free survival or lung function decline, there has
been report indicating that this variant increases the incidence of ILD in RA and the risk
of developing UIP pattern in RA-ILD [44,45]. Considering the high proportion of UIP
with pathological and physiological similarities to IPF, it seems reasonable to carefully
consider antifibrotic agent for the treatment of RA-ILD, especially when UIP is present.



Life 2023, 13, 2318 10 of 14

However, conducting randomized controlled studies that can serve as evidence for clinical
efficacy poses practical challenges and is difficult to carry out. Furthermore, the number
of studies conducted for clinical impact of antifibrotic agents in patients with RA-ILD so
far is insufficient. Therefore, it is necessary to perform a systematic review with meta-
analysis through collecting and integrating relevant studies, increasing the sample size
for hypotheses, and enhancing statistical power. Eventually, this study aimed to evaluate
the clinical efficacy of antifibrotic agents in patients with RA-ILD through a systematic
literature review and meta-analysis.

We selected the change in FVC over 52 weeks and the proportion of patients with a
decrease in percent predicted FVC of 10% or more over 52 weeks as the primary endpoints
for analyzing whether antifibrotic agents have positive clinical effects in patients with
RA-ILD. The degree of disease progression of ILDs has been comprehensively evaluated
with the assessment of symptoms, the degree of lung function decline, and the worsening
of fibrosis in HRCT [46]. FVC and DLco have been widely used to evaluate the degree of
decline in lung function and as indicators to establish treatment strategies in patients with
ILD [46,47]. Previous studies have shown that a decline in FVC in ILD patients reflects
disease progression and is a significant prognostic factor associated with mortality [48–51].
Based on these findings, the change in FVC has been gaining prominence as a prognostic
indicator in recent guidelines for IPF and progressive fibrosing ILD, and serves as the
primary clinical trial endpoint in studies assessing the clinical efficacy of antifibrotic agents
in patients with RA-ILD [27,28,52]. Solomon et al. [48] demonstrated in their study that an
absolute decline of 10% or more in percent predicted FVC in patients with RA-ILD was
associated with increased mortality. Given that an increase in mortality can be considered
evidence of the disease progression, an absolute decrease in percent predicted FVC by 10%
or more was included in the primary outcome. Diffusing capacity of the lung for carbon
monoxide (DLco) is also a helpful measure for evaluating the degree of disease progression
and is a screening tool for early or preclinical ILDs [46]. However, a comparative analysis
of DLco was not performed in the two RCTs included in this study.

In our study, since antifibrotic agents reduced both the decline in FVC and the propor-
tion of percent predicted FVC decreasing by 10% or more in RA-ILD, clinical efficacy in
delaying the disease progression could be positively considered. However, generalizing
the effects of antifibrotic agents on CTD-ILD and other fibrosing ILDs beyond RA-ILD is
challenging. Given the limited number of included studies and patients, as well as the
results being confined to RA-ILD, further research on the effects of antifibrotic agents in
fibrosing ILD, including other CTD-ILDs, should be conducted.

From the perspective of mortality, this review did not demonstrate the benefit of
antifibrotic agents in patients with RA-ILD. This differs from the results in previous studies
on IPF where pirfenidone and nintedanib showed a positive impact on survival [53–55].
Since there is a lack of RCTs evaluating the long-term clinical impact of antifibrotic agents
in RA-ILD to date, further assessment through additional studies is necessary. On the
other hand, gastrointestinal adverse events such as nausea, diarrhea, vomiting, and loss
of appetite, showed a higher frequency in the antifibrotic agent group, consistent with
previous research findings in IPF [56,57].

Our study has several limitations. First, the number of included studies was small,
making it difficult to generalize the results. However, since the total number of patients
with RA-ILD included in the analysis was 212, which is not a small number, and the
included RCTs were of good quality, the results cannot be seen as exaggerated. Second,
this study analyzed the change in FVC, and analysis for other indices such as DLco and
mortality were not conducted. Since this study focused on whether antifibrotic agents
could reduce the rate of the disease progression, only the effect on FVC was analyzed.
Nevertheless, as the change in FVC is a representative outcome for disease progression
in patients with ILD, it would not be insufficient to show the clinical effect of antifibrotic
agents in RA-ILD patients. Furthermore, as mentioned above, the two studies included
in the meta-analysis only examined baseline DLco values without comparing changes
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over 52 weeks, making it impossible to perform an analysis on this aspect. Third, our
study did not implement a funnel plot to evaluate publication bias. Because the number of
included studies was less than 10, the asymmetry analysis of the funnel plot was limited.
Additional research, including larger-scale studies and additional clinical results such as
DLco, parameters from the six-minute walk test, imaging finding beyond FVC, is needed
to establish evidence for the therapeutic feasibility of antifibrotic agents in RA-ILD.

5. Conclusions

This meta-analysis showed that current antifibrotic agents including nintedanib and
pirfenidone may have clinical utility in RA-ILD. In actual clinical practice, the use of
antifibrotic agents could be considered for RA-ILD patients. Further research, including a
greater number of studies, is needed to confirm the clinical benefit of antifibrotic agents in
RA-ILD.

Supplementary Materials: The following supporting information can be downloaded at https:
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