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ARTICLE INFO ABSTRACT
Keywords: Background: rheumatoid arthritis-associated interstitial lung disease (RA-ILD) is a severe extra-articular mani-
Rheumatoid arthritis festation of rheumatoid arthritis (RA). Despite recent guideline initiatives, no treatment recommendations

Interstitial lung disease
Italian recommendations
Metanalysis

specifically tailored to RA-ILD have been developed in Italy. This systematic literature review (SLR) and meta-
analysis was conducted to inform the Italian Society of Rheumatology (SIR) national recommendations for the
management of RA-ILD.

Methods: we conducted a systematic review and meta-analysis of studies evaluating pharmacological in-
terventions for RA-ILD from inception up to October 2023, followed by an update up to April 2025, with a pre-
defined protocol. Eligible studies included randomized controlled trials, cohort studies, and case series reporting
pulmonary function outcomes, radiological progression, adverse events, and mortality. Meta-analyses were
performed, and heterogeneity and publication bias were thoroughly assessed.

Results: sixty-nine studies encompassing 7879 RA-ILD patients were included. Treatments with conventional
synthetic disease modifying anti-rheumatic drugs (csDMARDs), rituximab (RTX), mycophenolate mofetil (MMF),
abatacept (ABA), and Janus kinase inhibitors (JAKi) were associated with stabilization or improvement of forced
vital capacity (FVC). Methotrexate (MTX) was associated with reduced risk of ILD progression and mortality.
Antifibrotics, particularly nintedanib, demonstrated variable efficacy, while pirfenidone showed limited benefit.
Safety profiles favored antifibrotics over csDMARDs/immunosuppressants regarding serious adverse events.
Conclusions: this SLR provides an updated synthesis of evidence on RA-ILD treatments, supporting the forth-
coming SIR recommendations. Despite inherent limitations of observational studies and heterogeneity, the data
highlight the safety of MTX and particularly support ABA, RTX, and nintedanib as promising options, while
underscoring the need for further high-quality trials specifically in RA-ILD.
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A. Fassio et al.
1. Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory disease with an
autoimmune pathogenesis, affecting approximately 0.5-1 % of the adult
population in Western countries. It is estimated that at least 350,000
individuals in Italy have RA [1,2]. While joint inflammation represents
the primary clinical manifestation, extra-articular involvement is not
uncommon. The lungs are among the main extra-articular sites that can
be affected, with interstitial lung disease (ILD) being the most frequent
respiratory complication [3].

RA-associated interstitial lung disease (RA-ILD) is characterized by
inflammation that may progress to fibrosis in the pulmonary interstitial
spaces, potentially leading to respiratory failure and an increased risk of
infections and cardiac complications [3]. ILD develops in at least 10-15
% of RA patients [4] and is associated with significantly increased
morbidity and mortality rates compared to RA without pulmonary
involvement. The condition also imposes substantial healthcare costs,
both direct (related to pharmacological treatments and management of
complications) and indirect (due to loss of work ability and reduced
quality of life) [5].

The management of RA-ILD is particularly challenging due to the
heterogeneity of its clinical presentation and disease course, which may
range from subclinical or stable to slowly or rapidly progressive forms.
This complexity is further compounded by the diversity of radiological
patterns and histopathological subtypes, as well as the concurrent
presence of joint and extra-articular RA manifestations, which them-
selves exhibit considerable heterogeneity. Therefore, key factors influ-
encing treatment decisions include joint disease activity and severity,
the histopathological and radiological pattern of ILD, and the extent and
progression of pulmonary involvement [6,7].

In August 2024, the American College of Rheumatology (ACR) and
the American College of Chest Physicians (ACCP) published guidelines
for the treatment of ILD in patients with systemic autoimmune diseases
[7]. These guidelines were developed using the Grading of Recom-
mendations Assessment, Development and Evaluation (GRADE) meth-
odology; however, unlike the 2022 Spanish recommendations [6], they
provide recommendations for ILD secondary to systemic autoimmune
diseases such as systemic sclerosis, idiopathic inflammatory myopathies,
mixed connective tissue disease, Sjogren’s syndrome, and RA, without
specifically addressing the treatment of joint involvement in this patient
population. Furthermore, differences in drug indications between the
United States and Italy limit the applicability of the American guidelines
to the Italian clinical setting.

The numerous unmet needs in the routine management of RA-ILD
patients, which remain unresolved by current evidence, highlight the
necessity for shared treatment recommendations in this field. In the
absence of national or European guidelines specifically addressing RA-
ILD treatment, the Italian Society of Rheumatology (SIR) has under-
taken the development of de novo national clinical practice guidelines
for the management of patients with RA-ILD, in accordance with the
requirements of the National Guideline System (SNLG) of the Italian
National Institute of Health (Istituto Superiore di Sanita, ISS).

As part of this effort, a systematic literature review (SLR) was con-
ducted to evaluate treatment options for RA-ILD, with the aim of
informing the 2024 SIR recommendations on the management of pa-
tients with this condition [8].

2. Methods
2.1. Eligibility criteria and literature search

To guide the literature search, pre-defined clinical questions were
formulated and structured according to the PICO method (P: patient; I:
intervention; C: comparator/control; O: outcome). The outcomes
(direct, surrogate, indirect, and patient-reported) were identified, clas-
sified, and ranked by importance through consultation with panel
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members and stakeholders. The project was approved by the Steering
Committee, and the final protocol for the development of the guidelines
was approved by the panel (version 2.0, July 16, 2023 [8]).

Based on the formulation of structured PICO clinical questions
(population, intervention, comparator, outcome), which were modified
and adapted to the Italian context from the American College of Rheu-
matology (ACR) Project Plan [9], the disease-related outcomes were
evaluated by the panel (October 9-23, 2023) and stakeholders
(February 1-15, 2024). Outcomes rated as ‘important and essential’ (i.
e., scoring >7 on a 9-point scale) by the expert panel (n = 21) were
prioritized, following confirmation of high agreement (score > 7) by
stakeholders (n = 32). These outcomes were selected as primary end-
points to guide the systematic review of evidence.

The literature search was conducted using customized keywords and
search strings (Supplementary appendix 1) developed specifically for
this new systematic review. The following databases were searched:
Medline (via Ovid), Embase (via Ovid), Cochrane Library (via Cochrane
Central).

A de novo systematic review was conducted from the inception of
each database up to October 20, 2023. Subsequently, an updated search
was performed using the same protocol, covering the period from
October 1, 2023 to April 1, 2025.

2.2. Data quality assessment

Publication bias was evaluated through funnel plot visualization and
Egger’s test when at least 10 studies were included in the meta-analysis
[10].

The Risk of Bias (RoB) was evaluated using the following tools: Risk
Of Bias In Non-randomized Study - of Interventions (ROBINS-I) [11],
Revised Cochrane Risk-of-Bias Tool for Randomized Trials (RoB 2) [12]
for treatment evaluation. The Quality in Prognosis Studies (QUIPS) tool
was used to assess the risk of bias in prognostic studies [13]. Uncon-
trolled studies (including studies with before-and-after design as
comparator) and case series were assigned a priori as having “High”
RoB.

2.3. Study selection, data extraction and analysis

The selected primary ‘important and essential outcomes’ were: dis-
ease activity/progression defined by percent predicted forced vital ca-
pacity (%FVC), disease activity/progression defined by diffusion
capacity for carbon monoxide (%DLCO), disease activity/progression
defined by chest high-resolution computed tomography (HRCT) and
disease activity/progression defined by composite outcomes including
pulmonary function tests (PFTs)/HRCT/symptom worsening.

In addition, serious adverse events (SAEs) and mortality were
addressed. SAEs were defined according to the European Medicines
Agency [14]. The mortality risk was analyzed as a separate critical
outcome and therefore not included within the SAEs data, unless the
cause of death was adjudicated as a drug-related event.

The Evidence Review Team independently screened studies and
extracted data (by at least two members). The following inclusion
criteria were applied: studies published in English or Italian (or other
languages if translation was available) with relevance to the structured
clinical questions; due to the anticipated scarcity of high-quality evi-
dence, and in agreement with the expert panel, non-randomized and
uncontrolled cohort studies were also included. Case series were
included if comprising at least five RA-ILD subjects.

The following exclusion criteria were applied: publications classified
as recommendations, guidelines, or expert consensus, case reports with
fewer than three subjects, studies in languages without available
translation, lack of relevance to the structured clinical questions. When
feasible, data from treatment subgroups reporting the outcomes of in-
terest were extracted for analysis. In these studies reporting outcomes
for multiple treatment arms or subgroups (e.g., different
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immunosuppressive agents), each subgroup was included separately in
the corresponding treatment-specific meta-analysis. Since the primary
objective was to estimate treatment-specific pooled effects, and each
subgroup received a distinct intervention, they were considered as in-
dependent units for the purpose of stratified meta-analysis. However,
when subgroup analyses were conducted according to treatment class
rather than individual treatments, a multilevel meta-analytic model
with a random effect clustered by study identifier (PMID) was employed
to account for the potential dependency among subgroups originating
from the same study.

When appropriate, meta-analyses were performed. To assess the risk
of worsening of the reported outcomes and the risk for SAEs in in-
dividuals treated and untreated with the intervention of interest, the
odds ratios (ORs) and 95 % CIs were considered as the effect size for
each eligible study. The OR for disease progression was analyzed sepa-
rately based on %FVC and HRCT data, as well as in an aggregated
manner including %FVC, HRCT, and the general term ‘ILD progression’
or similar definitions reported in the selected studies. Concerning this
last outcome, when both %FVC and %DLCO data were reported, %FVC
was preferred; when both %FVC and HRCT data were reported, the
worse was preferred.

For continuous outcomes such as %FVC and %DLCO, the pre—post
changes of the treated groups were meta-analyzed using raw mean dif-
ferences (MRAW) and their corresponding standard deviations. When
both treatment and control groups were available, treatment effects
were assessed using between-group mean differences (MD), calculated
as the between-group pre-post, together with their corresponding stan-
dard errors.

If the outcome measures of interest were reported in median, range,
or 25th-75th per-centiles, the mean and SD values were estimated using
validated formulas [15]. In addition, for continuous variables, if not
available, SDs of the mean differences were estimated using the
following formula: SD = \/ [(SD pretreatment)2 + (SD posttreatment)2
— (2r x SD pre-treatment x SD post-treatment) [16]. Meta-analyses of
the Incidence Rate (IR) per 100 patient-years (100PY) were performed
using the incidence rate log-normal model, which accommodates studies
with zero events. Pooled estimates for antifibrotics and disease modi-
fying anti-rheumatic drugs (DMARDs)/Immunosuppressants were ob-
tained under a random-effects model on the log scale and back-
transformed for interpretation.

Visual inspection of the forest plot was used to assess statistical
heterogeneity. This was also assessed with the I*-statistics, which pro-
vides an estimate of the percentage of variability across eligible studies
that is due to heterogeneity rather than chance alone. Heterogeneity was
considered to be low if I? is <25 %, moderate if 12 is between 25 % and
75 %, and high if I? is >75 % [15].

To identify potential outliers, we calculated the standardized dis-
tance of each study’s effect size from the overall pooled estimate of the
random-effects model. Studies were considered statistical outliers if
their effect size differed by more than three between-study standard
deviations (t) from the pooled effect. Sensitivity analyses were per-
formed by excluding identified outliers and re-estimating the pooled
effect and heterogeneity to assess the robustness of the results.

A leave-one-out (LOO) sensitivity analysis was performed to assess
the influence of individual studies on the pooled effect estimate. In each
iteration, the meta-analysis was repeated omitting one study at a time,
and changes in effect size and heterogeneity were evaluated.

In order to explore further possible sources of heterogeneity among
the analyses, we conducted meta-regression analyses by mean age,
duration of follow-up (months), proportion of males, proportion of usual
interstial pneumonia (UIP), publication year and treatment by adopting
abatacept (ABA) as reference. Meta-regressions were conducted adopt-
ing multilevel modelling, with a random intercept for study (clustered
for PMID) to account for within-study correlation due to the presence of
multiple subgroups from same studies.

To compare the incidence rates of SAEs between antifibrotics and
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DMARDs/Immunosuppressants, a meta-regression was performed with
the class of treatment as a categorical moderator. Log-transformed IR/
100PY were modelled assuming a log-normal distribution, with a
random intercept for study (clustered for PMID). Pooled estimates for
each group were obtained by back-transforming the model coefficients.

Data were analyzed with R-studio, using the ‘meta’and ‘metafor’
packages.

3. Results

We identified 5611 potentially relevant papers in the first search
from inception up to 09 October 2023 and 295 potentially relevant
paper in the updated search up to 01 April 2025. A total of sixty-nine
studies were considered eligible for the inclusion in this SLR and were
assessed for quality; the flow of study selection is presented in Fig. 1,
panel a and b.

After examining the full text of these articles, we excluded a total of
thirty-three studies due to of unsatisfactory inclusion criteria or unsat-
isfactory outcome measures (supplementary table 1).

Only two RTCs were included, namely a subgroup analysis of the
INBUILD phase 3 trial on nintedanib [16], and a phase 2 study on pir-
fenidone (TRAIL1, prematurely discontinued due to slow recruitment
and the impact of the COVID-19 pandemic) [17]. Of the remaining,
thirteen were prospective [18-32] and fifty-two retrospective studies
[33-81]. Forty-one studies included a comparator
[16,17,19-30,34,38,41,42,44,46,47,49,
51,53-56,59-62,64,65,67,68,70,77,78,82-84], most commonly con-
sisting of individuals not exposed to the investigated drug. In seven of
these studies, the comparator was the same cohort observed during a
period preceding drug initiation (before-and-after  design)
[20,21,34,46,49,65,83].

The present systematic review included a total of 7879 individuals
affected by RA-ILD, with a mean age 64.4 years (SD: 8.3), mean pro-
portion of men 39 % (SD: 14 %), mean proportion of UIP 49 % (SD 18
%), with a mean follow-up time of 31.3 months (SD 30.2).

Twenty-one studies reported data on subjects treated with
c¢sDMARDs, including methotrexate (MTX) and leflunomide (LEF)
[19,22,23,25-28,38,44,48,51,53,54,56,61,64,66,67,77,81], seventeen

on Tumour Necrosis Factor-a inhibitors (TNFi)
[25,27,28,30,31,41-44,51-54,63,68,78,84], twenty on ABA
[23,28-30,36,37,41,44,53-55,57,61-63,68,71,74,76,81], twelve on

anti-IL6R [23,27,28,30,33,41,44,53,58,63,68,72], eleven on Janus ki-
nase inhibitors (JAKi) [23,30,40,44,50,54,61,68,74,76,80], sixteen on
RTX [21,23,28,32,35,39-41,44,45,47,51,59,60,68,83], thirteen on im-
munosuppressants such as: cyclophosphamide (Cyc), mycophenolate
mofetil (MMF), azathioprine (AZA) and tacrolimus (TAC)
[21,22,26-28,30,38,44,46,56,59,66,79], thirteen on glucocorticoids
(GGCs) [19,25-28,30,38,44,53,56,61,64,77], one on intravenous immu-
noglobulins (IVIg) [70], eleven on antifibrotics (nintedanib, pirfeni-
done) [16-18,20,24,34,49,65,69,75,85].

Table 1 and Table 2 show the characteristics and RoB of the eligible
studies and the characteristics of patients and controls (when available)
included in the final document, respectively.

3.1. Differences in %FVC

The forest plot and pooled estimates in the pre-post change in %
FVC divided according to the drug is reported in supplementary fig. 1,
while supplementary fig. 2-6 report the forest plot and pooled estimates
in the pre-post %FVC differences divided according to the drug class.
Thirty-two studies were selected for the analysis
[16-18,20,21,24,29,32,34-37,45-47,
49,50,55,57,60,65,66,70,71,73-75,79-81,83,85]. The pooled estimates
for most drugs were associated with stabilization or improvement (RTX,
MMF, JAKi) of the %FVC; only pirfenidone was associated with wors-
ening (—1.17 %, 95 %CI -2.16 to —0.18). Overall, high heterogeneity
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Fig. 1. PRISMA flow diagram for the present systematic review.

was observed across the included studies (1% 95.1 %).

The LOO analysis for studies including nintedanib confirmed the
robustness of the pooled estimate of %FVC change, as no single study
had a disproportionate influence on the overall effect size. Notably, the
exclusion of the studies by Tekgoz E, 2025 [75] and Boutel M, 2023
[85]—both mixed cohorts in which RA-specific data were not
extractable—led to modest reductions in heterogeneity (I2 from 80.3 %
to 61.7 % and 85.1 %, respectively), yet the overall effect remained non-
significant across all iterations.

Shen X et al., 2022 [70], the only study investigating the effect of
IVIg, resulted a significant outlier (t = 3.47), which is substantially
higher than the average effect observed across the other included
studies.

The forest plot and pooled estimates in the between-group differ-
ence in %FVC change (treated vs controls or non-users) divided ac-
cording to the drug is reported in Fig. 2, while supplementary fig. 7-9
report the forest plot and pooled estimates in the between group dif-
ference in %FVC change, divided according to the drug class. Fifteen
studies were selected for the analysis
[16,17,20,21,24,29,34,46,47,49,55,60,65,70,83]. The pooled estimates
for all treatments, except ABA, were associated with a positive differ-
ence when compared to non-users, however none were associated with a
negative difference (namely worse than controls); high heterogeneity
was observed across the included studies (I% 97.0 %).

We performed meta-regression analyses to explore potential sources
of heterogeneity for the pre-post %FVC differences.

Treatment emerged as a significant moderator (p < 0.001, supple-
mentary table 2). Meta-regressions for age, proportion of males, publi-
cation year, duration of follow-up (months), and proportion of UIP
yielded non-significant results (data not shown).

Similarly, we performed meta-regression analyses to explore poten-
tial sources of heterogeneity for the between-group difference in %FVC
changes. Meta-regression analyses for mean age, proportion of males,
duration of follow-up, proportion of UIP and publication year yielded
non-significant results (data not shown).

Treatment type was also a significant moderator (p = 0.0056, sup-
plementary table 3).

The visual inspection of the funnel plot (supplementary fig. 10, panel
a and b) and the Egger’s test (p = 0.0012 for pre-post mean %FVC dif-
ference; p = 0.0087 for between-group pre-post %FVC differences)
suggested the presence of publication bias for both analyses.

3.2. Differences in %DLCO

The forest plot and pooled estimates in the pre-post change in %
DLCO divided according to the drug is reported in supplementary fig.
11, while supplementary fig. 12-15 report the forest plot and pooled
estimates in the pre-post %DLCO differences grouped according to the
drug class. Twenty-two studies were selected for the analysis
[18,21,24,29,32,34-36,45-47,49,55,60,65,73,74,79,80,83,85,86]. The
pooled estimates for all drugs were associated with stabilization or
improvement (MMF) of the %DLCO. Overall, high heterogeneity was
observed across the included studies (I%: 89.4 %).

For RTX, LOO showed that, while the direction of the effect remained
consistently positive across all iterations, statistical significance was
observed when Eroglu DS, 2022 [45], or Md Yusof MdY, 2017 [60] were
excluded, suggesting limited robustness of the estimate. Between-study
heterogeneity remained high in all scenarios (I%: 74-86 %). For ABA,
LOO sensitivity analysis showed that the pooled estimate remained
stable across all iterations.

The forest plot and pooled estimates in the between-group differ-
ence in %DLCO change (treated vs controls or non-users) divided ac-
cording to the drug is reported in supplementary fig. 16, while
supplementary fig. 17-19 report the forest plot and pooled estimates in
the between-group difference in %DLCO change, divided according to
the drug class. Nine studies were selected for the analysis
[21,29,34,46,47,49,55,60,65]. Meta-analyses for ABA, MMF, ninteda-
nib, and RTX showed no significant differences in %DLCO changes
compared to non-users.

Only single studies reported between-group %DLCO differences for
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Table 1
Characteristics and RoB of the eligible studies included in the final analysis.
Author (ref) Publication year Study type Population or hospital based Country Overall RoB
Akiyama M [33] 2016 Retrospective Hospital Japan High
Atienza-Mateo B [36] 2023 Retrospective Hospital Spain High
Atienza-Mateo B [35] 2020 Retrospective Hospital Spain High
Atienza-Mateo B [34] 2025 Retrospective Hospital Spain High
Behera AK [18] 2024 Prospective Hospital India High
Boutel M [85] 2023 Retrospective Population Greece High
Cassone G [37] 2020 Retrospective Hospital ITA High
Chai D [38] 2023 Retrospective Hospital China Moderate
Chang S [19] 2023 Prospective Hospital Korea High
Chartrand S [39] 2015 Retrospective Hospital USA High
Cronin O [40] 2021 Retrospective Hospital Germany High
Curtis JR [41] 2015 Retrospective Population USA High
Dixon WJ [42] 2010 Retrospective Population UK Moderate
Druce K [82] 2017 Retrospective Population UK Low
Duarte AC [20] 2024 Prospective Hospital Portugal High
England BR [84] 2025 Retrospective Population USA Moderate
Ekici M [44] 2024 Retrospective Hospital Turkey Moderate
Eroglu DS [45] 2022 Retrospective Hospital Turkey High
Fernandez-Diaz C [81] 2020 Retrospective Hospital Spain High
Fischer A [46] 2013 Retrospective Hospital USA High
Fui A [47] 2020 Retrospective Hospital Italy High
Izuka S [48] 2021 Retrospective Hospital Japan High
Juge PA [49] 2024 Retrospective Hospital USA High
Kalyoncu U [50] 2022 Retrospective Hospital Turkey High
Kelly C [51] 2021 Retrospective Population UK High
Kim J-W [26] 2023 Prospective Hospital Korea Moderate
Kim K [27] 2022 Prospective Hospital Korea Moderate
Koo BS [52] 2015 Retrospective Hospital Korea High
Kurata I [53] 2019 Retrospective Hospital Japan Moderate
Kurushima S [54] 2025 Retrospective Hospital Japan Moderate
Lee K-A [55] 2024 Retrospective Hospital Korea High
Liu L [56] 2022 Retrospective Hospital China Moderate
Lopez-Maraver M [57] 2024 Retrospective Hospital Spain High
Makino H [30] 2023 Retrospective Population Japan High
Manfredi A [58] 2020 Retrospective Hospital Italy High
Marcoux V [59] 2023 Retrospective Hospital Canada Moderate
Matson SM [21] 2023 Prospective Hospital USA High
Matsumoto T [31] 2018 Retrospective Hospital Japan High
Matteson EL [32] 2012 Prospective Hospital USA High
Matteson EL [16] 2023 RCT (post-hoc) Hospital Multicentric Moderate
Md Yuzaiful Md Yusof [60] 2017 Retrospective Hospital UK High
Mena-Vazquez N [28] 2020 Prospective Hospital Spain High
Mena-Vazquez N [64] 2021 Retrospective Hospital Spain Moderate
Mena-Vazquez N [25] 2021 Prospective Hospital Spain Moderate
Mena-Vazquez N [29] 2022 Prospective Hospital Spain Moderate
Mochizuki T [89] 2023 Retrospective Hospital Japan Moderate
Mochizuki T [61] 2019 Retrospective Hospital Japan High
Nakashita T [63] 2014 Retrospective Hospital Japan High
Narvaez J [83] 2020 Retrospective Hospital Spain High
Narvaez J [65] 2024 Retrospective Hospital spain High
Nomura M [22] 2025 Prospective Hospital Japan Moderate
Rojas-Serrano J [66] 2012 Retrospective Hospital Spain High
Rojas-Serrano J [67] 2017 Retrospective Hospital Spain Moderate
Rudi T [23] 2024 Prospective Population Germany Low
Sebastiani M [68] 2023 Retrospective Hospital Italy High
Sebastiani M [69] 2025 Retrospective Hospital Italy Low
Shen X [70] 2023 Retrospective Hospital China High
Shoda T [71] 2024 Retrospective Hospital Japan High
Solomon JJ [17] 2022 RCT Hospital USA, UK Moderate
Suzuki K [72] 2025 Retrospective Hospital Japan High
Tardella M [73] 2021 Retrospective Hospital Italy High
Tardella M [74] 2022 Retrospective Hospital Italy High
Tekgoz E [75] 2025 Retrospective Hospital Turkey High
Tsuji A [76] 2024 Retrospective Hospital Japan High
Venerito V [80] 2023 Retrospective Hospital Italy High
Venkat RK [77] 2024 Retrospective Population USA Low
Wang J [24] 2022 Prospective Hospital China High
Wolfe F [78] 2007 Retrospective Population USA High
Yamano Y [79] 2018 Retrospective Hospital Japan High




Table 2

Characteristics of the treated subjects and comparators (when available) enrolled in the studies included in the final analysis.

Author Mean

N, treatment N, controls Median Disease Treatment adopted Results - FVC Results - DLCO Results - CT Results - Results - SAEs
age follow- duration mortality
up (years)
(months)
6/78 (7.7 %)
. 4.0 per 100 pt-y
Akiyama M 11.8 (RA-
y[33] 66.7 78 - 60 ILD) ANTLILER - B - - (overall
observation
periods 148.8
patient-years)
Pre-post %FVC
Atienza- 1.1 (LD ABA +/— MTX/other dlff;.rgr:/coe. Pre»I?ost %DLCO stable 56.3 %
Mateo B 62.7 190 - 12 R R difference: worsened 29 % 0/190 -
[36] duration) csDMARDs stabilization FVC 311 % improved 14.7 %
65.3 % (CI 95 %,
58.0-72.0)
Atienza- 2% Pre-post %FVC Pre-post %DLCO stable 65.2 %
Mateo B 58.3 (5 RAILD) # - 24 3.4 RTX+/— ¢sDMARDs difference (delta difference (delta worsened 21.7 % - -
[35] mean): +4.2 % mean) +10.6 % improved 13.1 %
Pre-post %FVC
difference (delta
mean) in
Nintedanib
group:
+1.04 % (at 12
months, 23 Pre-post % DLCO
patients) difference (delta
+0.67 (at 24 mean) in
Atienza- months, 6 Nintedanib
Mateo B 69.3 74 74 (pre-treatment) 15 4.4 nintedanib patientis) group: stable 47.4 % 9 (12.2 %) 0/74
[34] Pre-post %FVC +1 % (at 12
difference (delta months)
mean) in control +2.9 % (at 24
group: months)
— 6.69 (at 12
months; 49
patients)
— 9.37 (at 24
months; 46
patients)
. . Pre-post %FVC Pre-post % DLCO
Behf;r]a8;\K 53.0 24/26 antifibrotics - 6 - Egﬁizréfe(?nilfgs difference (delta difference (delta - - 0/24
median): +0.7 % mean): +2 %
Boutel M 21 . . Pre-post %FVC: Pre-post %
[85] 64 (5/21 RA-ILD) # 10 48 Nintedanib p+o.9 Dico: +3.4 - - 0721
Pre-post %FVC L1 Post %DLCO
. difference (delta
Cassone G difference (delta median) -1.9 % stable 70.4 %
. 65 44 - 26.5 7.4 ABA mean) -3.55 % e . worsened 18.2 % - 1/44
1571 stabilization FVC stabilization improved 11.4 %
DLCO 88.9 % (CI

86.1 % (CI 95 %
70.5, 95.3)

95 %, 73.9, 96.9)
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Table 2 (continued)

Author Mean N, treatment N, controls Median Disease Treatment adopted Results - FVC Results - DLCO Results - CT Results - Results - SAEs
age follow- duration mortality
up (years)
(months)
pre-post HRCT score
(delta mean): +0.5
stable 35.7 %
worsened 50.1 %
120 120 GCs (n = 69), CYC (n improved 13.3 %
36 CYC 84 controls-CYC = 36), LEF (n = 21), Pre-post %FVC pre-post %DLCO risk factors of the
Chai D [38] 67 69 GCs 51 controls-GCs 19 - MTX (n = 49), difference (delta difference (delta progression of RA-ILD: - -
21 LEF 99 controls-LEF b%m% ((n = 11)), mean) +0.7 % mean) +0.4 % OR M”l;)X105702) (0.40,
ts] s (n = 1.
49 MTX 71 controls-MTX OR GCs 2.58 (1.37,
4.86)
aOR GCs 1.61 (0.81,
3.19
FVC% over 3
years of FU:
improved 7.9 %
stable 38.4 %
worsened 53.6 % DLCO% over 3
Annual rate of
. years of FU:
change in FVC . o
(mL), mean (95 improved 8.0 %
% CI) 41.6 (50.6 stable 48.9 %
Chang S 66.5 77 MTX B 33.6 79 GCs (n = 123), MTX 32.5) ’ worsened 43.1 % B 12 (8.6 %) B
[19] ’ 123 GCs : : n=77) e Annual rate of ’
RR of rapidly .
declining cl}ange n
predicted FVC% psedlcted DLCO
. % 1.48 (1.78,
trajectory (95 % 1.19)
CD:
no-MTX 7.45
(0.90, 61.89)
GCs 0.18 (0.04,
0.82)
Stability or
Chartrand S improvement in
[39] 62.9 15 50 11.6 RTX FVC% - - - 0/15
57,1 %
. 2 JAKi
Cr°ﬁ:g]o 69.5 28 (JAKD) 24 7.8 RTX, JAKI - - 0 1RTX ?/212 “;ATIQ
19 (RTX) (infection)
HR ANTI-IL6R
0.5 (95 % CI
0.1-2.1)
HR RTX 1.6 (95
. . % CI 0.8-3.2)
232 TNFi 267 no-TNFi
Curtis JR 59 ANTI-IL6R 440 no-ANTI-IL6R TNFI (n = 232), ANTI- HR ABA 0.9 (95
60.8 7 - IL6R(n = 59), RTX (n - - - - % CI 0.4-2.1)
(41) 99 RTX 400 no-RTX =99), ABA (n = 109) TNFI 24/234
109 ABA 390 no-ABA ’

(fu 0.7y)
ANTI-IL6R 8/
59 (fu 0.6y)
RTX 12/99 (fu
0.7y)
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Table 2 (continued)

Author Mean

N, treatment N, controls Median Disease Treatment adopted Results - FVC Results - DLCO Results - CT Results - Results - SAEs
age follow- duration mortality
up (years)
(months)
ABA 12/109 (fu
0.7y)
mortality Rate
Ratio (CI 95 %)
Dixon WJ 0,74 (0.42,1.33)
[42] 63.9 299 TNFi 68 DMARDs 72 12 TNFI, DMARDs - - - aMRR (CI 95 %) -
to 0.81 (0.38,
1.73).
HR 0.53 (0.26,
Druce K . 1.1)
[82] 62.8 309(:2:1;;21)\IFI) 43 (RTX) 65 11.1 TNFI, RTX - - - aHR 0.49 (0.23,
1.06)
Pre-post % FVC Pre-post %DLCO
difference (delta difference (delta
mean) in mean) in
antifibrotics antifibrotics
. . group: +0.7 % group: —2.9 %
Dua;tzeO;\C 70.9 40 20 (pre-treatment) 154.8 12 ;::ft: Iﬂz‘;ﬁ’; (at 12 months) (at 12 months) - 4/40
Pre-post % FVC Pre-post % DLCO
difference (delta difference (delta
mean) in control mean) in control
group: —7.7 % group: —3.0 %
(at 12 months) (at 12 months)
% (n) of patients
with ILD
8 ABA 96 no-ABA d?;gr[::ctelyzgt‘e]fa progression
13 AZA 91 no-AZA mean) total 7 % (3) ABA
13 CYC 91 no-CyC patients:— 19 % (8) AZA
. 99 GCs > no-GCs | MTX, AZA, CYC, GGs, 2% (group with L0 /0 () CYC 28
Ekici M 2 JAKI 102 no-JAKi . . A . 40.4 % (40) GCs
[44] 62.7 80 LEF 24 10-LEF 66 11.1 JAKIi, LEF, RTX, TNFi, radlogra!)hlc 0 JAKi - death rate MTX -
87 MTX 17 no-MTX ANTI-IL6R pr0§/re551on) 67.4 % (29) LEF (2.8, 0.3-25.9).
27 RTX 77 no-RTX +9wi°ﬂ§§f§“p 60.5 % (36) MTX
24 TNFi 80 no-TNFi radiographic 30.2 % (13) RTX
3 ANTI-IL6R 101 no-ANTI-IL6R progression) 23.3 % (15)
TNFi
0 ANTI-IL6R
aHR (3-years)
for non-users
(TNFi as ref.)
Englig?‘]BR 68 237 TNFi 237 Non-users 3 years 6.9 TNFi i&; ?1)3‘:’;)?23
non-users (TNFi
asref.) 1.25
(0.68-2.32)
Pre-post %FVC o bost %DLCO
Eroglu DS difference (delta difference (delta stable 55.0 %
61.4 26 - 28.8 10.1 RTX+/— csDMARDs mean): worsened 35.0 % 1/26 0/26
[45] mean) -8 % (at .
+10 % (at 12 improved 10 %
12 months)
months)
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Table 2 (continued)

Author Mean N, treatment N, controls Median Disease Treatment adopted Results - FVC Results - DLCO Results - CT Results - Results - SAEs
age follow- duration mortality
up (years)
(months)
Pre-post %FVC Pre-post %DLCO
Fernandez- dlfier1e6n§/e B dlfierzeznnc/e B stable 57.8 %
Diaz C 64.6 263 - 12 9.74 ABA o o worsened 23.4 % - 29/263
[81] stabilization FVC stabilization improved 18.8 %
: 87.7% (C195%  DLCO 90.6 % (CI P e
81.7,92.3) 95 %, 84.5, 96.9)
- 0,
Pre-post %EVC 1 ost %DLGO
difference (data .
mean) MMF difference (data
mean) MMF
group: group:
.9 % 2 }
+4.9% @5 +6.3 % (at 52
weeks) weeks)
0,
+6.1 % (at 104 7.1 % (at 104
weeks)
Fischer A 125 +7.3 % (at 156 weeks)
= — ° = 0, — — —
[46] 60.4 (18/125 RA-ILD) # 127 (pre-treatment) 26 MMF weeks) Pr-e post %DLCO
difference (data
pre-post %FVC mean) control
difference (data
mean) control group:
ou: —3.6 % (at 52
group: weeks) -7.1 %
—0.8 % (at 52
(at 104 weeks)
weeks) -1.5 % (at 10.7 % (at 156
104 weeks) -2.3 : We”eks)
% (at 156 weeks)
-] 0
Pre-post %FVC Pfe post %DLCO
) difference (delta
difference (delta
mean) RTX
mean) RTX
group: +1.34 %
. group: +5.90 %
Fui A [47] 66.2 14 28 12 - RTX Pre-post %DLCO - 2/14 -
Pre-post %FVC R
. difference (data
difference (data
mean) control
mean) control group:
. 0, .
group: —2.37 % 173%
HRMTXO0.1 1
R 0.16(C OR (current
95 %, 0.04, MTX use) 1.75
Izuka S [48] 74 99 66 14.5 1.21 MTX - - - 0.72) (C1 95 %, 0.76,
(treatement and 4.00)
control 3/165) :
Pre-post %FVC Pre-post %DLCO 4/74 lung
difference (delta difference (delta transplant
mean) treatment ~ mean) treatment 26/74 deaths
group: group: (17 ILD’s
+0.5 % per year —3.3 % per year, contribution)
40 (pre-treatment for (nintedanib) (nintedanib) Data of 2/74
Juge PA 67.8 40 nintedanib nintedanib) 34 (pre- 18 8.8 Nintedanib (n = 40), —1.5 % per year, —3.7 % per year, B Nintedanib + data of
[49] : 34 pirfenidone treatment for : pirfenidone (n = 34) (pirfenidone) (pirfenidone) pirfenidone Nintedanib +
pirfenidone) Pre-post %FVC Pre-post %DLCO HR for lung pirfenidone
difference (delta difference (delta transplant or
mean) control mean) control mortality
group: group: (pirfenidone)
—5.6 % per year —5.5 % per year 0.94 (95 % CI
(pre-nintedanib) (pre-nintedanib) 0.45, 1.96)
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Table 2 (continued)

Author Mean N, treatment N, controls Median Disease Treatment adopted Results - FVC Results - DLCO Results - CT Results - Results - SAEs
age follow- duration mortality
up (years)
(months)
—4.4 % per year —5.9 % per year aHR 1.03 (95 %
(pre- (pre- CI 0.46, 2.29)
pirfenidone) pirfenidone)
Data of 27 Data of 27
patients patients
(nintedanib) (nintedanib)
Data of 22 Data of 22
patients patients
(pirfenidone) (pirfenidone)
Pre-post %FVC
(delta mean)
Kalyoncu U 68 47 - 15 10.7 JAKI (TOFA) +2.95% - - - -
[50] worsening of
FVC% by >5 %:
11.1 %
RR (all patients)
1.55(1.01, 2.4)
RR (MTX) 1.25
(0.86, 1.81)
240 RR (LEF) 1.23
150 MTX (0.74-2.04)
61 LEF RR (AZA) 1.42
54 AZA AZA, MTX, LEF, CYC, (0.7-2.8)
Kellyc[511 65 42 MMF 84 12 MMF, TNFI, RTX - - - RR (MMF) 0.65 -
21 CYC (0.2-2.0)
40 TNFI RR (CYCQ) 1.65
37 RTX (0.7-3.8)
RR (TNFI) 2.09
(1.1-4.0)
RR(RTX) 0.52
(0.2-2.0)
HR for of
decrease FVC (CI
95 %):
MTX 0.84 (0.51,
1.39)
143 MTX (N =61, LEF (N b\ ) g6 (1,05,
Kim JW MTX 61 143 = 26), TAC N = 56), 3.28)
[26] 66.3 LEF 26 MTX 82 36 6.3 bDMARDs or TAC 0.66 (0.39 - - - -
LEF 117 tsDMARDs (N = 47), ’
TAC 56 TAC 87 GC (N =125) 1.12)
MTX- aHR 1.06
(0.59, 1.89)
LEF-aHR 1.75
(0.88, 3.46)
TAC- aHR 0.94
(0.52,1.72)
125 MTX (N = 79) Survival: MTX-
MTX 79 controls MTX 64 LEF (N = 62) OR of decreased HR
Kim K [27] 64 LEF 62 controls LEF 81 51 4.3 TAC (N = 56) FVC 210 % (CI - - 0.169 (CI 95 %, -
TAC 56 controls TAC 87 ANTI-IL6R (N = 20) 95 %): 0.059,
controls TNFI 126 TNFI (N = 17) MTX 0.27 (0.10, 0.486)

(continued on next page)
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Table 2 (continued)

Author Mean N, treatment N, controls Median Disease Treatment adopted Results - FVC Results - DLCO Results - CT Results - Results - SAEs
age follow- duration mortality
up (years)
(months)
TNFI 17 controls ANTI-IL6R JAKI (N =11) 0.74) MTX-aHR 0.284
ANTI-IL6R 20 123 ABA (N =4) LEF 0.89 (0.37, (CI 95 %, 0.091,
(tot 125) RTX (N =4) 2.15) 0.880)
AZA (N = 2) TAC 1.75
MMF (N = 2) (0.74-4.14)
GC (N =145) TNFI 1.24 (0.31,
4.92)
ANTI-IL6R 1.486
(0.48, 4.61)
aOR MTX 0.27
(0.09, 0.77)
KooBS [52]  62.6 24 - 111 9 TNFI - - - B% (;e:)ths ®/ -
49 .
Kurata I ?2 T\I;fxi 19 no-INFi TNFI (30), ABA (12 lf// 13;) ;\F}I: :l
"r[;;t;"] 64.1 - ANTLILGR 37 no-ABA 17.4 9.4 Al\(ITI_)I’L i (7() ): - - 3/7 ANTI-IL6R - -
15 MTX 42 no-ANTI-IL6R 6/15 MTX
31 GC 11/31 GC
. 36 JAKi 57 no-JAKI worsening CT score:
Kurushima 71 30 ABA 63 no-ABA 14 9 JAKI, MTX, ABA, TNFI - - 19.4 % (7) JAKi -
S [54] 33 MTX 39 no-MTX 22.2 % (6) TNFi
27 TNFi 66 no-TNFi
pre-post %DLCO
Pre-post %FVC difference (delta
difference (delta median):
median): +7 % ABA
+0.4 % ABA +9.25 %
+3 % csDMARDs c¢sDMARDs stable or improved:
FVC% stable or DLCO% stable or 88.9 % ABA
Lee K-A ABA, csDMARDs (LEF, improved: improved: 82.4 % csDMARDs
[55] 66 59 ABA 64 csDMARDs 2 23 AZA, HCQ, SSZ, MTX) 86.; % ABA 80.(1)) % ABA worsened: -
88.2 % 84.4 % 11.1 % ABA
csDMARDs csDMARDs 17.6 % csDMARDs
FVC% worsened DLCO%
13.3 % ABA worsened 20.0 %
11.8% ABA
csDMARDs 15.6 %
csDMARDs
Decrease in FVC
105 of‘15‘% ora
3 AZA 198 no-AZA decline in FVC of
56 CYC 145 no-CYC 10 % combined
Liu L [56] 67 63 no-GCs 38 8 CyC with a DLCO of - - -
138 GCs 15/105
88 LEF 113 no-LEF 15 % from the
12 MTX 189 no-MTX baseline:
OR 0.245 (0.095,
0.632)
Lopez- l?re-post %FVC P¥e-p0st %DLCO stable:
Maraver 66 399 2 0.9 QLD ABA difference (delta difference (delta 56.92 % B
M [57] duration) mean):— mean):— worsened:
1% 3% 33.36 %
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Table 2 (continued)

Author Mean N, treatment N, controls Median Disease Treatment adopted Results - FVC Results - DLCO Results - CT Results - Results - SAEs
age follow- duration mortality
up (years)
(months)
improved:
9.72 %
OR of
respiratory
312 death 4.42 (CI
MTX 115 197 no-MTX 95 %, 0.99,
Makino H ABA 28 ;ff :g\?lfll(\l MTX, ABA, JAKi 19,80)
[30] 70 TJI?;‘ 31 1 281 no-TNFi 24 65 TNFi, TAC, ANTI-IL6R - B B I\gizl//lzlgs -
ANTEIL6R 15 2922;‘:&;&“ JAKI 0/1
TAC 49 TNFI 1/31
ANTI-IL6R 1/15
TAC 3/49
Pre-post %FVC
difference (delta Pre-post %DLCO
mean): —3 % difference:
. FVC remained -1.5% stable 89.3 %
Manfredi A
[58] 64 28 - 30 11.5 ANTI-IL6R stable .56 % of DLCO Yvorsened 7.1 % - 0/28
patients, stable 56 % improved 3.6 %
improved in 20 improved: 20 %
% worsened 24 %
and worsened in
24 %.
mean annual mean annual
decline in FVC%: declmeu/lr.l DLco
104 untreated NSIP untreat:c.I NSIP-
Marcoux V 37 AZA AZA (n = 37),MMF (n -1.0 £ 0.6, 124 0.6 17/104 (treatment
[59] 64 39 MMF 57 (no-treatment) 48 4 = 39), RTX (n = 24), untreated UIP untreated U,IP- group) - —
24 RTX CYC(n = 4) -1.4 £ 0.6 13/57 (control group)
4 CYC treated NSIP- 0.4 2.8+ 06
treated NSIP -1.4
+ 1.1, treated +1.0, treated
UIP -2.4 + 0.8 UIP -2.5 + 0.7
Overall mean Overall mean
FVC FvC
% predicted after % predicted
12 months of after 12 months
treatment of treatment
92 AZA pre- +3.9 % (95 % CI, +4.53 % (95 %
92 AZA treatment AZA (N = 92) 1.95-5.84) ClL, 2.12-6.94)
Matson SM 77 MMF 77 MMF pre- pre-post %FVC pre-post %DLCO
; 63.5 24 2.21 MMF(N = 77) - - -
[21] 43 RTX treament RTX (N = 43) (delta mean) (delta mean)
tot 212 43 RTX pre- treatment group: treatment group:
treatment MMF +4.55 % MMF +3.67 %

AZA + 3.84 %
RTX + 3.3 %
pre-post %FVC
(delta mean)
control group:
pre-treatment

AZA +1.93 %
RTX + 6.73 %
pre-post %DLCO
(delta mean)
control group:
pre-treatment
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Table 2 (continued)

Author Mean N, treatment N, controls Median Disease Treatment adopted Results - FVC Results - DLCO Results - CT Results - Results - SAEs
age follow- duration mortality
up (years)
(months)
AZA -10% AZA -5%
pre treatment pre treatment
MMF -7 % MMF -4.5 %
pre-treatment pre-treatment
RTX —8.5 % RTX -7 %
3/29
Matsumoto HR of TNFi
. 67.4 29 - 88.8 18.4 TNFi - - - - group for ILD
T [31]
events 0.58
(0.17-2.02)
] 0
Matteson EL I.’re-post %FVC z:fef eli‘ Zitc?gtclzg worsened 14 % (1/7)
[32] 64.7 10 - 12 13.8 RTX difference (delta mean) . stable 71 % (5/7) 2/10 -
mean) +2.4 % 111.6 % improved 14 % (1/10)
pre-post %FVC
difference (delta
mean)
nintedanib group HR
—3:2% nintedanib0.87
Matteson EL pre-post %EVC (0.46, 1.62) 0742
(6] 66.9 42 47 12 9.9 nintedanib difference (delta - - 7 /’ 43 (nintedanib)
mean) control . . 0/47 (controls)
group —8 % (nintedanib)
OR Absolute 9/47 (controls)
decline in FVC
>10 % 0.31
(0.10, 1.02))
pre-post% FVC Pre-post %DLCO
median median
difference (delta difference (delta
Md Yuzaiful mean) RTX mean) RTX improved 7 %
Md Yusof 64 56 10 12 10 RTX group +1.5 % group —1.3 % stable 42 % 9/56
pre-post% FVC Pre-post %DLCO 12/33
[60] . . worsened 50 %
median median
difference (delta difference (delta
mean) control mean) control
group —2.4 % group —4.4 %
worsened 8.6 %
stable 60.8 %
i 0,
70 70 ORl‘tr)rlljpl\r/I[:]l:g ?\?;i:‘z)les
31 MTX 39 no-MTX .
8 ABA 862 no-ABA ;:ii‘l’;:eie::ﬁ
-, = 0 = 0,
RN B ekl
Vazquez 68.8 13.4 24 RTX, TNFi, ANTI- disease in RA-ILD 1/70 -
N [28] 5 MMF 65 no-MMF IL6R, ABA, GCs n}ean) total r{lean) total patients) 0.235
10 RTX 60 no- RTX patients —4.5 % patients —6.1 % 0.054-1.025
7 TNFi 63 no-TNFi OR non anti-TNFi
4 ANTI-IL6R 66 no-ANTI-IL6R (Multivariate analysis
39 GCs 31 no- GCs ’

variables
independently
associated with

(continued on next page)
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Table 2 (continued)

Author Mean N, treatment N, controls Median Disease Treatment adopted Results - FVC Results - DLCO Results - CT Results - Results - SAEs
age follow- duration mortality
up (years)
(months)
progression of lung
disease in RA-ILD
patients) 0.102 (0.015,
0.686)
stable 60 %
worsened 48 %
improved 15 %
+
123 csDMARDSs (MTX, LEF, HR (prog.ression of ILD
105 CSDMA.RDS 123 SSZ, HCQ), bDMARDs pre-post %FVC pre-post %DLCO or mortality) (95 % CD):
Mena- 14 TNFi 18 no-csDMARDs (TNFi, ABA, RTX) difference (delta difference (delta HR csDMARDs 1.08
Vazquez 69.2 57 bDAMARDs 66 no-bDMARDs 56 12.1 immur;osop;;resant’s mean) total mean) total (0.59, 1.96) 19/123 -
N o4 _ 15 108 no- (MMF, CYC, AZA),  patients ~7.7%  patients —4.0% |\ DOMARDs 0.74
immunosoppressants immunosoppresants GCs (0.40, 1.35)
88 GCs 35 no-GCs HR
immunosuppressive.
0.94 (0.52, 1.66)
HR GCs 1.43 (0.76,
2.08)
stable 66.4 %
worsened 27.6 %
improved 6 %
HR (progression ILD or
116 16 ncIJ)—csDMARD(s ) mortality) (95 % CI):
62 no-bDMARDs (no csDMARDs (MTX, LEF, HR csDMARDs 0.66
Mena- SiOSDCI\S/I]?XIﬁSSI();o TNFi) SSZ, HCQ), bDMARDs pre-post %FVC pre-post %DLCO (0.22,1.93) 18 4071 12)(34'4
Vazquez 68.3 TNFi) 100 no-TNFi 60 12.4 (TNFi, ANTI-IL6R, difference (delta difference (delta HR bDMARS (no TNFi) 0.03 py 0.08 py
. 105 no- ABA, RTX), mean) total mean) total 0.62 (0.36, 0.89) (incidence of L.
N [25] 16 TNFi . . . . . . (incidence of
11 immunosoppresants immunosoppresants immunosoppresants patients —4.5 % patients —4.4 % HR TNFi 2.69 (1.02, mortality) SAE)
69 GCs 47 no-GCs (MMF, AZA), GCs 7.87)
total 116 HR
immunosuppressive.
0.66 (0.16, 2.64)
HR GCs 1.60 (0.71,
3.57)
pre-post %FVC pre-post %DLCO
difference (delta difference (delta 0/57 (12
mean) ABA mean) ABA
Mena- o o stable 68.6 % months)
Vazquez  67.7 57 57 12 10 ABA group —0.8 % group —2.8 % worsened 19.6 % 3/57 (end of -
N [29] pre-post %EVC pre-post %DLCO improved 11.7 % follow-up, 27.3
difference (delta difference (delta P
months)
mean) control mean) control
group —3.9 % group —5.9 %
Mochizuki 36 n0-ABA worsened:
T 71.1 48 ABA 48 no-JAKi 12 14.7 ABA, JAKI - B 4.2 % (2) ABA - -
[89] 36 (JAKI) 5.6 % (2) JAKI
Treatment group:
Mochizuki 85 ABA 46 no-ABA V;é?l’;g;; :/;)
T 67.9 76 MTX 55 no-MTX 47.8 10.7 ABA, MTX, GCs - - improved 14.5 % - -
[61] 64 GCs 67 no-GCs

Control group:
stable or improved
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‘D 39 0I1SSDA Y

226€01 (5202) vg smaray Aunuunomy



ST

Table 2 (continued)

Author

Mean N, treatment N, controls Median Disease Treatment adopted Results - FVC Results - DLCO Results - CT Results - Results - SAEs
age follow- duration mortality
up (years)
(months)
71.4 %
worsened 28.6 %
. 58
Naka[s:;t]a T 661 46 TNFI - 12 11.2 TNFI - - - -
3 ABA
9 ANTI-IL6R
Pre-] %DLI
Pre-post %FVC fe post %DLCO
. difference (delta
difference (delta mean) RTX
mean) RTX
group: group:
y 0,
+8.06 % (at 1 +12.7 % (at 1
ear; 31 patients) year; 31
year, patients) QUILD score:
Narvaez J L2 @2 g (a2 worsened 33 %
‘ 61 31 31 (pre-treatment) 24 4 RTX years; 25 o X ° 2/31 0
[83] . years; 25 improved 11 %
patients) .
patients) stable 56 %
Pre-post %FVC
difference (delta re-post %DLCO
difference (delta
mean) pre-
mean) pre-
treatment group: treatment group:
—16.5 % 1 :
6:5 % (at ~19.7 % (at 1
year)
year)
pre-post% FVC Pre-post %DLCO
difference (delta difference (delta
mean) mean)
antifibrotic antifibrotic
group: group:
+1.2% (at 6 +3.9% (at 6
months; 24 months; 24
patients) patients)
+4.7 % (at 12 —3.8% (at 12
months; 18 months; 18
patients) patients)
+ 7.7 % (at 24 —2.2 % (at 24
months; 9 months; 9
Narvaez J nintedanib (n = 25), L )
2 2 - 2: . . . - 2
[65] 67 7 7 (pre-treatments) 4 5.9 pitfenidone (n = 2) patients) patients) 4/27

pre-post% FVC
difference (delta
mean) control
group:
—8.9 % (at 12
months; 27
patients)
%FVC predicted
after 12 months
of antifibrotics:
worsened 11.1 %
improved 22.2 %
stable 66.7 %

Pre-post %DLCO
difference (delta
mean) control
group:
—14.8 % (at 12
months; 27
patients)
%DLCO
predicted after
12 months of
treatment:
worsened 27.7 %
improved 11.1 %
stable 61.2 %

(continued on next page)
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Table 2 (continued)

Author Mean N, treatment N, controls Median Disease Treatment adopted Results - FVC Results - DLCO Results - CT Results - Results - SAEs
age follow- duration mortality
up (years)
(months)
47 18.7 sAE
Nom[‘;r;]M 74.1 MTX 18 113 ;{f}f{ 60 - MTX, TAC - - - 3/47 incidence rates
TAC 10 per 100 py
= -0
Rojas- 5.3 (64 MTX (n = 18), dl;;feei(:ct:) (zlllfa
Serrano J 58.5 40 - 6 . AZA (n = 10), LEF (n - - - -
[66] mesi) —12) nTean) total
patients +11 %
Rojas- aHR 0.063 (CI
Ser[r6a7n]0 J 57.8 52 26 6 - MTX - - - 95 %, 0.150, -
0.470)
97/381
28/114 TNFi
aHR c¢sDMARDs
0.9 (95 % CI
0.42,1.94, 10
deaths)
aHR Anti-IL6R
0.62 (95 % CI
114 TNFi 0.26,1.51, 6
61 csDMARDs deaths)
33 Anti-IL6R . aHR T-cell 0.74
RudiT[23] 589 60 T-cell 267 31.2 10.1 Aﬁi?x:}?]ﬁ%;l\]&m - - - (95 % CI 0.36, -
64 B-cell ’ ? 1.53, 11 deaths)
19 JAKi aHR B-cell 0.56
30 no DMARD (95 % CI 0.28,
1.12, 14 deaths)
aHR JAKi 0.78
(95 % CI 0.28,
2.19, 4 deaths)
aHR no-DMARD
2.85 (95 % CI
1.62, 5.01, 28
deaths)
l?re—p 0st% FVC pre-post% DLCO
difference (delta . L
134 mean) -5.5 % difference (delta assoc1.at101'1 of '
mean) -8 % progressive fibrosis
89 MTX (total) R .
43 ABA Median FVC Median DLCO with therapy
42 TNFi change: change: OR MTX 0.64 (95 % CI
27 JAKI 134 0 (~1.5, 3) non- -1(-11,1.25) 0.30,1.36)
23 RTX 45 no-MTX MTX (n = 84), ABA (n ﬁbr(;sing non-fibrosing OR ABA 0.78 (95 % CI
Sebastiani 20 Anti-IL6R 91 no-ABA = 43), TNFi (n = 43), nonprogressive nonprogressive 0.36,1.70)
M 72 (23.1 % non-fibrosing 92 no-TNFi 24 10 JAKi (n = 27), RTX (n 14 (8.5, 41) Non- 9.1 (5.55-12.55) OR TNFi 1.59 (95 % CI -
[68] nonprogressive; 3 % 107 no-JAKi = 23), Anti-IL6R (n = Fib;osing non-Fibrosing 0.74,3.39)
non- ﬁbrosin’g 111 no-RTX 20) Progressive Progressive OR JAKi 1.05 (95 % CI
progressive, 37.3 % 114 no-anti-IL6R 0(-5,2) —1(-6.5, 5.25) 0.43, 2.55)
S o Fibrosing OR RTX 1.82 (95 % CI
fibrosing non Fibrosing .
progressive, 36.6 % Nonprogressive Nonprogressive 0:72’4'58)
fibrosing progressive) 12 (7, 22) 9 (2,15 OR Anti-ILGR 0.95 (95
o Fibrosing % CI 0.35, 2.65)
Fibrosing .
. Progressive
Progressive

(continued on next page)
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Table 2 (continued)

Author

Mean

N, treatment N, controls Median Disease Treatment adopted Results - FVC Results - DLCO Results - CT Results - Results - SAEs
age follow- duration mortality
up (years)
(months)
Se]ﬁs[t;‘;’ 71 65 - 9 7 nintedanib - - - 0 0/65
pre-post% FVC
difference (IVIg pre-post HRCT score
51.5 group) +21.5 % (IVIg group) -3.5
Shen X [70] 40 40 12 - 1Vig pre-post% FVC - - -
(IVIg) . pre-post HRCT score
difference
(control group) (control group) -1.6
+7.9 %
total GGO score (ABA)
improved from 11 to
5.33 points
total fibrosis score
(ABA) improved from
5.67 to 3.33 points
OR GGO reduction in
ABA+MTX/TAC/GCs
groups:
38 ABA+MTX 1.27 (95 %
Shoda T (10 ABA+MTX, 22 CI 0.24, 6.70)
[71] 73 ABA+ TAC, 13 ABA} 38 ABA alone 12 34 ’;f& TGACC’ - - ABA+TAC 1.46 (95 % B -
GCs) > s C10.32, 6.46)
ABA+GCs 1.52 (95 %
CI0.32,7.15)
aOR GGO reduction:
ABA+MTX 1.71 (95 %
CI0.26, 11.2)
ABA+TAC 1.89 (95 %
CI 0.36, 9.80)
ABA+GCs 2.88 (95 %
CI 0.33, 24.85)
Pre-post %FVC
difference (delta
mean)
pirfenidone
roup: —1.02 %
2i’re-gost %FVC OR mortality
Solomon JJ ¢, 63 60 12 - pirfenidone difference (delta - - and decline of - OR 1.10 (0.39,
[17] mean) control FVC% 0.67 3.10)
group: —3.21 % (0.22, 2.03)
OR decline in
FVC by 10 % or
more 0.52 (0.14,
1.90)
. stable 85.7 %
SUZF;(ZI]K 56 21 - 24 1.3 Anti-IL6R - - worsened 4.8 % - -
improved 9.5 %
Tardella M I.’re-post %FVC Pfe—post %DLCO stable 72.6 %
[73] 59.1 44 - 18 7.5 ABA + c¢sDMARDs difference (delta difference (delta worsened 11.4 % - -

mean) -1.05 %

mean) +2.57 %

improved 16.0 %

(continued on next page)
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Table 2 (continued)

Author Mean N, treatment N, controls Median Disease Treatment adopted Results - FVC Results - DLCO Results - CT Results - Results - SAEs
age follow- duration mortality
up (years)
(months)
stable:
72.6 % (ABA),
Pre-post %FVC Pre-post %DLCO 64.5 % (JAKI)
Tardella M 75 difference (delta difference (delta worsened:
[74] 59.5 44 ABA - 18 7.4 ABA, JAKI mean): mean): 11.4 % (ABA), - -
31 JAKI —1.05 % (ABA) +2.57 % (ABA) 16.1 % (JAKD)
- 1.59 % (JAKI) +3.03 % (JAKI) improved:
16.0 % (ABA),
19.4 % (JAKD)
Pre-post %FVC improved or stable
TEk[g;:]E 62.2 0/36 Iy # - 6 5.2 nintedanib difference (delta - 61,1 % 5/36 0/36
mean): +9.5 % worsened 38.9 %
71
Tsuji A [76] 74 45 ABA - 13 10 ABA, JAKi - - - - :jg: .11\31?1
26 JAKi
Pre-post %FVC
difference (delta Pre-post %DLCO
mean): +3.39 % .
FVC remained difference +
Venerito V stable in 78.57 % 3.44 % stable 86.0 %
[80] 68.9 43 - 19.1 JAKi of patients DLCO improved 4.7 % 1/43 0/43
. . stable 72 % worsened 9.3 %
improved in improved 8 %
10.71 % ar'ld worsened 20 %
worsened in
10.71 %.
RA OR for %FVC HR (lung
duration. decline by>10 % transplant or
Oto2 within 24 ILD-related
years 44 months (95 % death) (95 %
% (n = CI: CD:
172 lii 2?)%5;( 75) MTX, GCs, RTX (n =  OR MTX use 0.66 HR MTX 0.68
Venkat RK 62.2 (97 GCs, 54 MTX, 29 63 n0-RTX or MMF 78 2to 10 20), MMF (n = 9), (0.35, 1.27) _ (0.42,1.11) B
[771 RTX or MMF, 45 63 n6-bDMARD or years 24 JAKi (n = 3),bDMARD OR GC use 0.66 - HR GCs 1.37
bDMARD or JAKi) JAK % (n = (n=42) (0.36, 1.22) (0.88, 2.13)
41) OR RTX or MMF HR RTX or MMF
>10 0.70 (0.27, 1.86) 1.04 (0.47,2.31)
years 33 OR bDMARDs or HR bDMARDs or
% (n = JAKi 0.64 (0.41, JAKi 0.50 (0.26,
56) 2.16) 0.96)
Pre-post %FVC Pre-post %DLCO
difference (delta difference (delta
mean) mean)
pirfenidone pirfenidone 1/10
. . group: —4 % group: +10 % . .
WangJ[24]  56.1 ;O(E?rlafs;’zg - 6 5 - Pre-post %EVC  Pre-post %DLCO - ("mt(‘;f;mb)
difference (delta difference (delta . .
(pirfenidone)

mean) control

group: —3 %
HR -2.68

(—9.28, 3.61)

mean) control

group: —6 %
HR —-1.32

(—8.19, 5.54)

(continued on next page)
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Table 2 (continued)

Author Mean N, treatment N, controls Median Disease Treatment adopted Results - FVC Results - DLCO Results - CT Results - Results - SAEs
age follow- duration
up (years)
(months)

mortality

HRs for
hospitalisation
(95 % CI):
HR IFX (TNFi)
0.7 (0.4,1.3)
HRETN 0.9
Wolfe F IFX (TNFi), ETN (TN?;)(O‘A"
66.4 100 17,498 186.3 153 (TNFi), CYC, LEF, - -
e AZA, MTX HR CYC 1.5
’ (0.1, 16.4)
HR LEF 1.3
(0.7,2.3),
HR AZA 0.9
(0.3, 2.9),
HR MTX 1.2
0.7, 1.9)
Yamano Y 26 Pre-post %EVC o post % DLCO

[79] 63 (11/26 RA-ILD) # - 12 01 TAC d‘fie;‘;noc/e + difference + 9 % - 0 0
o 0

ABA, abatacept; AZA, azathioprine; bDMARD, biologic disease-modifying antirheumatic drug; csDMARDSs, conventional synthetic DMARDs; CT, computed tomography; CTD, connective tissue disease; CYC, cyclo-
phosphamide; DLCO, diffusion of carbon monoxide; ETN, etanercept; FVC, forced vital capacity; GCs, glucocorticoids; HR, hazard ratio; IFX, infliximab; ILD, interstitial lung disease; IVIg, intravenous immunoglobulins;

JAKi, Janus kinases inhibitors; MMF, mycophenolate mofetil; MTX, methotrexate; OR, odds ratio; RA, rheumatoid arthritis; RTX, rituximab; SAEs, severe adverse events TAC, tacrolimus; TNFi, tumour necrosis factor-
alpha inhibitors; tsDMARDs, targeted synthetic DMARDs.

# Data extraction from the overall CTD-ILD cohort not feasible.
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Study MD 95%-Cl Weight Mean Difference

Treatment = Nintedanib

Atienza-Mateo B, 2025 10.04 [8.11;11.97] 6.6% O

Juge PA, 2024 (nint. subgr.)  6.10 [3.10; 9.10] 6.3% : 3

Matteson EL, 2023 480 [1.14; 8.46] 6.1% R

Random effects model 7.26 [4.02; 10.50] 19.0% L 4

Heterogeneity: 12 = 77%, t* = 6.0520, p = 0.0130

Treatment = Antifibrotics*

Duarte AC, 2024 8.40 [-4.29;21.09] 2.7% —1—

Narvaez J, 2024 13.60 [7.55;19.65] 5.1% —

Random effects model 12.64 [7.17;18.10] 7.8% <

Heterogeneity: 12 = 0%, 12 = 0, p = 0.4686

Treatment = MMF

Fischer A, 2013 570 [4.52; 6.88] 6.8%

Matson SM, 2022 (MMF subg.) 11.60 [10.15; 13.05] 6.7%

Random effects model 8.63 [2.85;14.42] 13.5% >

Heterogeneity: 12 = 97.4%, 1° = 16.9526, p < 0.0001

Treatment = RTX

Fui A, 2020 8.27 [0.11;16.43] 4.2% ——

Matson SM, 2022 (RTX subg.) 11.80 [9.74;13.86] 6.6% O

Md Yusof MdY, 2017 3.90 [-1.13; 8.93] 5.5% +il=

Narvaez J, 2020 24.56 [15.98;33.14] 4.1% ——

Random effects model 11.74 [3.58; 19.91] 20.4% <

Heterogeneity: /2 = 83.6%, 1 = 59.1967, p = 0.0004

Treatment = Pirfenidone

Juge PA, 2024 (pirf. subgr.) 1.80 [-1.54; 5.14] 6.2% -I.—

Solomon JJ, 2022 219 [1.94; 244] 6.8% [

Wang J, 2022 7.00 [-5.17;19.17] 2.9% —t— -

Random effects model 219 [1.94; 2.44] 15.9% |

Heterogeneity: 1% = 0%, 1 = 0, p = 0.7217

Treatment = ABA

Lee KA, 2024 -2.60 [-6.91; 1.71] 5.8% -

Mena-Vazquez N, 2022 3.10 [-2.81; 9.01] 5.2% —i-=

Random effects model -0.12 [-5.66; 5.41] 11.0% -

Heterogeneity: /* = 57.1%, t° = 9.2821, p = 0.1267

Treatment = AZA

Matson SM, 2022 (AZA subg.) 13.80 [12.22;15.38] 6.7% [m]

Treatment = IVIig

Shen X, 2022 13.60 [8.85;18.35] 5.7% i

Random effects model 7.93 [5.22;10.65] 100.0% L 2
[ T 1

Heterogeneity: /12 = 97.0%, 12 = 28.0042, p < 0.0001

-30 20 <10 0 10 20 30

Test for subgroup differences: X; =253.78,df =7 (p < 0.0001)

Favours non-users Favours users
Between-group difference in %FVC change

Fig. 2. Pooled and treatment-specific subgroup estimates of the between-group difference in %FVC change (treatment users vs. non-users).
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AZA [21], pirfenidone [49] and one study including mixed cohort of
antifibrotic [65]. High heterogeneity was observed across the included
studies (I* 89.8 %). Treatment with MMF was associated with a
between-group difference in DLCO change favouring treatment (8.97 %,
95 % CI 7.32 to 10.36 with moderato heterogeneity for MMF, 1% 52.7
%).

We performed meta-regression analyses to explore potential sources
of heterogeneity for the pre-post %DLCO differences.

Meta-regressions for age, proportion of males, publication year,
duration of follow-up (months), and proportion of UIP and treatment
yielded non-significant results (data not shown).

Similarly, we performed meta-regression analyses to explore poten-
tial sources of heterogeneity for the between-group difference in %
DLCO. Meta-regressions for age, proportion of males, publication year,
duration of follow-up (months), and proportion of UIP and treatment
yielded non-significant results (data not shown).

3.3. Risk for RA-ILD progression

When considering the OR for %FVC progression (defined as >%10
FVC decline), seven studies were included [16,17,26,27,55,65,77]. The
forest plot and the pooled estimates for the OR %FVC progression are
reported in Fig. 3. Only treatment with MTX was associated with a
reduced OR pooled estimate for progression (0.40, 95 %CI 0.17 to 0.91,
moderate heterogeneity for MTX subgroup, 1% 74.1 %). The OR for the
other drugs were non-statistically significant. The overall heterogeneity
was moderate (12: 47.3 %).

After univariate meta-regression of proportion of UIP, proportion of
males, age, duration of follow-up (months), treatment, and year of
publication, no moderator yielded statistically significant results (data
not shown).

When considering the OR for %DLCO progression, only two studies
could be retrieved, one including antifibrotics (data extraction for in-
dividual agents not feasible) [65] and one including ABA [55], the OR
for %DLCO progression was non-significant for both (supplementary fig.
20).

When considering the OR for HRCT progression, eight studies could
be retrieved [29,34,44,53-55,61,62]. The forest plot and the pooled
estimates for the OR HRCT progression are reported in supplementary
fig. 21.

Only treatment with ABA was associated with a reduced OR pooled
estimate for progression (0.43, 95 %CI 0.27 to 0.69, with low hetero-
geneity for ABA subgroup, I%: 0.0 %). The OR for the other drugs were
non-statistically significant. The overall heterogeneity was moderate (I%:
49.2 %).

After univariate meta-regression of proportion of UIP, proportion of
males, age, duration of follow-up (months), treatment, and year of
publication, only treatment yielded significant results: in particular
treatment with JAKi, AZA, RTX and TNFi were associated with a higher
estimate for HRCT progression than ABA (supplementary table 4).

When considering the OR for progression including all possible
definitions (“disease activity/progression defined by composite out-
comes including pulmonary function tests (PFTs)/HRCT/symptom
worsening), twenty-one studies were included
[16,17,19,22,26-29,34,36,38,44,53-55,60,61,65,68,77,87]. The forest
plot and the pooled estimates for the resulting OR are reported in sup-
plementary fig. 22. Reduced pooled estimates for OR were observed for
MTX (0.52, 95 % 0.37 to 0.73, moderate heterogeneity for MTX sub-
group 2. 33.9 %) and for ABA (0.45, 95 % 0.26 to 0.79, moderate het-
erogeneity for ABA subgroup % 43.5 %), while for all the other
treatments the resulting pooled estimates were non statistically signifi-
cant. The overall heterogeneity was moderate (I%: 59.0 %).

After univariate meta-regression of proportion of UIP, proportion of
males, age, duration of follow-up (months), treatment, and year of
publication, only treatment yielded significant results: in particular,
treatment with AZA, GCs, JAKi, LEF, MMF and TNFi was associated with
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a higher estimate for all possible definitions for progression than ABA
(supplementary table 5).

The visual inspection of the funnel plot (supplementary fig. 23) did
not suggested evidence for publication bias, and the Egger’s test did not
support the hypothesis of publication bias for progression, all definitions
(p = 0.517).

3.4. Incidence rate for SAEs and OR for mortality

When considering the SAEs IR/100PY, data of eight studies
including antifibrotics [16-18,34,49,65,69,75], and fourteen for
DMARDs/Immunosuppressants
[25,31,33,37,39-41,45,58,60,76,79,81,83]. The forest plot and pooled
estimate of the SAEs IR/100PY for antifibrotics is reported in supple-
mentary fig. 24, panel a, and estimated as 0.36, 95 %CI 0.03 to 4.84. The
forest plot and pooled estimate of the SAEs IR/100PY for csDMARDs/
Immunosuppressants is reported in supplementary fig. 24, panel b, and
estimated as 4.40, 95 %CI 2.12 to 9.13. Compared with antifibrotics,
csDMARDs/immunosuppressants were associated with a significantly
higher incidence rate (p < 0.001).

Finally, when considering mortality, ten studies were included
[16,17,30,42-44,51,59,67,84].

The forest plot and the pooled estimates for the resulting OR are
reported in Fig. 4. Reduced pooled estimates for OR were observed for
MTX (0.24, 95 %CI 0.06 to 0.94, heterogeneity for MTX subgroup I%:
89.9 %), while for all the other treatments the resulting pooled estimates
were non statistically significant. The overall heterogeneity was mod-
erate (I 63.3 %). No outliers were observed.

LOO analysis for studies evaluating MTX showed that the exclusion
of Kelly et all, 2021(MTX subgr.) [51] notably strengthen the protective
effect of MTX (resulting OR 0.11 95 %CI 0.05 to 0.23), while also
reducing heterogeneity to zero (I% 0 %), indicating that the study
attenuated the pool effect size, although the direction of the association
remained consistent.

Similarly, LOO analysis for RTX did not identify any single study that
significantly influenced the overall effect estimate, but omitting Kelly et
all, 2021 (RTX subgr.) [51] was associated with a complete resolution of
heterogeneity (1% 0 %).

3.5. Risk of bias

The RoB assessment with the complete ROB-2, ROBINS-I and QUIPS
tables are reported in Supplementary table 6. As already mentioned,
uncontrolled studies and case series were a priori considered to be at
high risk of bias.

Of the remaining thirty-four studies, ten were classified as having
“high” RoB [24,30,41,47,51,55,60,61,70,78], twenty were classified as
having “moderate” RoB [17,19,22,25,26,28,29,38,42,44,53,54,56,
59,62,64,67,68,84], and four “low” RoB [16,23,77,82].

4. Discussion

This systematic literature review and meta-analysis provides an
updated and comprehensive synthesis of the available evidence on the
treatment of RA-ILD, supporting the development of the Italian Society
of Rheumatology (SIR) national recommendations [8]. Our findings
underline the complexity of therapeutic decision-making in RA-ILD, a
disease characterized by clinical heterogeneity, variable radiological
patterns, and a progressive course that substantially impacts morbidity
and mortality [8].

Overall, treatments such as RTX, MMF, and JAKi were associated
with stabilization or improvement in %FVC over time when considering
within-group (pre-post) changes. However, the interpretation of pre-
post data alone is limited by the absence of comparator groups and
potential biases inherent to observational designs. More robust insights
are provided by the between-group analyses, which compared %FVC
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Study OR 95% CI

Treatment = LEF

Kim JW, 2023 (LEF subg.) 2.30 [0.96; 5.50]
Kim K, 2022 (LEF subg.) 0.68 [0.32; 1.42]
Random effects model 1.22 [0.37; 4.05]
Heterogeneity: 12 = 77.2%, ©° = 0.5800, p = 0.0362

Treatment = MTX

Kim JW, 2023 (MTX subg.) ~ 0.80 [0.41; 1.57]
Kim K, 2022 (MTX subg.) 0.18 [0.08; 0.41]
Venkat RK, 2024 (MTX subgr.) 0.40 [0.19; 0.82]
Random effects model 0.40 [0.17; 0.91]
Heterogeneity: 12 = 74.1%, ©> = 0.4013, p = 0.0211

Treatment = TAC

Kim JW, 2023 (TAC subg.)  0.55 [0.28; 1.11]
Kim K, 2022 (TAC subg.) 1.28 [0.47; 3.48]
Random effects model 0.78 [0.35; 1.75]
Heterogeneity: /1> = 45.3%, t° = 0.1593, p = 0.1765

Treatment = GCs

Kim JW, 2023 (GCs subg.) 0.04 [0.00; 0.64]
Kim K, 2022 (GCs subg.) 1.53 [0.33; 7.06]
Venkat RK, 2024 (GCs subgr.) 0.66 [0.35; 1.22]
Random effects model 0.51 [0.10; 2.45]

Heterogeneity: 1? = 60.7%, t° = 1.2872, p = 0.0783

Treatment = TNFi
Kim K, 2022 (TNFi subg.) 0.99 [0.21; 4.75]

Treatment = TOCI
Kim K, 2022 (TOCI subg.) 1.18 [0.31; 4.48]

Treatment = ABA
Lee KA, 2024 1.00 [0.17; 6.02]

Treatment = Nintedanib
Matteson EL, 2023 0.54 [0.22; 1.31]

Treatment = Antifibrotics*
Narvaez J, 2024 1.00 [0.15; 6.67]

Treatment = Pirfenidone
Solomon JJ, 2022 0.66 [0.20; 2.22]

Random effects model 0.68 [0.49; 0.96]
Heterogeneity: /> = 47.3%, t° = 0.2072, p = 0.0187

Test for subgroup differences: Xg =422,df =9 (p = 08962)

Autoimmunity Reviews 24 (2025) 103922
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.
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OR for >10% FVC decline (ref. non-users)
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Fig. 3. Pooled and treatment-specific subgroup estimates for the ORs for progression according to %FVC (decline >10 %).
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Study OR 95% CI 0Odds Ratio
Treatment = TNFi

Dixon W G, 2010 0.28 [0.03; 2.33]

Druce K, 2017 1.70 [0.22; 13.39]

Ekici M, 2024 (TNFisubgr.) 047 [0.14; 1.51] —f
Makino H, 2023 (TNFi subgr.) 0.55 [0.07; 4.31]

Kelly C, 2021 (TNFisubgr)  0.62 [0.28; 1.35] —=r
England BR, 2025 092 [0.62; 1.37] —
Random effects model 0.79 [0.56; 1.11] <+
Heterogeneity: /° = 0%, < = 0.0048, p = 0.6530

Treatment = Cyc

Ekici M, 2024 (Cyc subgr.) 5.68 [1.67; 19.29] —
Treatment = LEF

Ekici M, 2024 (LEF subgr.) ~ 0.67 [0.25; 1.79] —
Kelly C, 2021 (LEF subgr.) 126 [0.68; 2.36] ——
Random effects model 1.03 [0.58; 1.85] R
Heterogeneity: 12 = 12.8%, 1 = 0.0260, p = 0.2844

Treatment = MTX

Ekici M, 2024 (MTX subgr.) ~ 0.09 [0.03; 0.30] —_—

Makino H, 2023 (MTX subgr.) 0.21 [0.05; 0.96]
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Fig. 4. Pooled and treatment-specific subgroup estimates for the ORs
for mortality.
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changes in treated patients versus non-users. In this context, most
treatments, including RTX, MMF, and JAKi, demonstrated beneficial
effects, with positive between-group differences compared to controls,
suggesting a potential true treatment effect beyond the natural course of
RA-ILD. Notably, no treatment was associated with a negative between-
group difference relative to controls. High heterogeneity was observed
across studies, but the consistency of direction across treatment classes
strengthens the reliability of these findings.

Interestingly, MTX, a compound historically approached with
caution in the setting of RA-ILD due to concerns about pulmonary
toxicity and potential worsening of ILD, has emerged as a treatment
associated with a reduced risk of disease progression and mortality. This
observation is consistent with emerging data suggesting a protective
rather than harmful effect [27,44], not only among patients with
established RA-ILD but also in the broader RA population regarding the
risk of developing interstitial lung disease. These findings reinforce a
growing body of evidence that MTX may be safely used in selected RA-
ILD patients with appropriate monitoring [8]. However, given the
observational design of most included studies and the limited avail-
ability of detailed inclusion criteria, the possibility of confounding by
indication cannot be ruled out. It remains plausible that MTX was
preferentially prescribed to patients perceived to be at lower risk of
pulmonary complications. While the direction of the association
appeared consistent across several studies, this speculation might
represent a hypothesis-generating observation that warrants further
investigation in prospective, controlled settings.

ABA demonstrated encouraging effects on both pulmonary function
and radiological progression, supporting its role as a potentially safer
biologic option in RA-ILD [28,71]. In contrast, TNFi were associated
with an increased risk of disease progression, as shown in the pooled
analysis encompassing all available definitions of worsening (including
pulmonary function tests, HRCT, and clinical deterioration) in Supple-
mentary Fig. 22. Although the association narrowly reached statistical
significance (OR 1.87, 95 % CI 1.00-3.51), the consistent direction of
effect across studies reinforces the need for caution when considering
TNFi in patients with RA-ILD.

Regarding antifibrotic agents, nintedanib showed variable effects
across studies. While its efficacy in slowing FVC decline was confirmed
in a subset of RA-ILD patients enrolled in the INBUILD trial [16], real-
world data were heterogeneous, possibly reflecting differences in pa-
tient selection, comorbidities, and concomitant immunosuppression
[34,65]. Pirfenidone, evaluated mainly in a prematurely interrupted
RCT [17], appeared less effective, with an observed trend toward
worsening FVC, although limitations in study power preclude definitive
conclusions. The results of our analysis are consistent with recent
literature, particularly with the recently published findings of Narvaez
et al. [88], who focused specifically on the efficacy and safety of anti-
fibrotic agents in connective tissue disease-associated ILD, including
RA-ILD.

The only study evaluating IVIg was identified as a statistical outlier
in terms of effect size and was also assessed as having a high risk of bias.
Although it was retained in the analysis based on the predefined inclu-
sion criteria, its findings should be interpreted with extreme caution due
to severe methodological limitations and the implausibility of the
observed effect size.

The analysis of %DLCO changes showed overall stabilization across
most treatments, with MMF particularly associated with a between-
group improvement in DLCO. However, the robustness of these find-
ings was limited by the relatively small number of studies available for
this outcome and by significant between-study heterogeneity.

Safety profiles emerged as a critical determinant for therapeutic
choices. As expected, antifibrotics were associated with a significantly
lower incidence of SAEs compared to csDMARDs/immunosuppressants,
although the confidence intervals were wide and influenced by a small
number of studies. Regarding mortality, MTX again demonstrated a
protective effect, while no other treatment showed a statistically
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significant reduction.

Several limitations must be acknowledged. First, the overall quality
of evidence was moderate to low, driven by the predominance of
observational studies and the inherent biases associated with non-
randomized designs. Only two randomized controlled trials were
available. Second, significant heterogeneity was observed across most
meta-analyses, only partially explained by treatment type. Differences in
patient populations, ILD patterns (e.g., UIP versus nonspecific intersti-
tial pneumonia, NSIP), disease severity, and concomitant therapies
likely contributed to this variability. Third, despite attempts to mitigate
publication bias, the asymmetry of funnel plots and significant Egger’s
tests for key outcomes suggest a potential for reporting bias favouring
positive results.

Nevertheless, the strengths of this work include a comprehensive
search strategy, rigorous data extraction, application of meta-analytic
techniques accounting for subgroup dependency, and extensive sensi-
tivity analyses. This SLR provides the best currently available synthesis
of the efficacy and safety of treatments for RA-ILD, offering critical in-
sights for clinicians and informing evidence-based national
recommendations.

Future research efforts should prioritize high-quality prospective
cohorts and randomized controlled trials specifically designed for RA-
ILD, with harmonized outcome measures and stratification by radio-
logical patterns and severity. Moreover, the role of combination ther-
apies—balancing immunosuppression and antifibrotic effects—remains
a promising yet underexplored area.

5. Conclusions

In this updated systematic review and meta-analysis, we identified
that treatments such as RTX, MMF, ABA, MTX, and nintedanib are
associated with stabilization or improvement in pulmonary outcomes in
patients with RA-ILD. MTX and ABA, in particular, were associated with
reduced risk of disease progression (MTX and ABA) and mortality
(MTX). Treatment decisions in RA-ILD should consider both joint and
pulmonary disease activity, radiological patterns, and safety profiles.
Despite the limitations of the available evidence, this review provides a
robust foundation for the development of the Italian Society of Rheu-
matology’s national recommendations and underscores the urgent need
for further high-quality research focused specifically on RA-ILD.
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