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Abstract: Background: The INBUILD study demonstrated the efficacy of nintedanib in the treatment
of progressive fibrosing interstitial lung disease different to idiopathic pulmonary fibrosis, including
rheumatoid arthritis (RA)-related ILD. Nevertheless, the prevalence of RA-ILD patients that may
potentially benefit from nintedanib remains unknown. Objectives and methods: The aim of the
present multicentre study was to investigate the prevalence and possible associated factors of fibrosing
progressive patterns in a cross-sectional cohort of RA-ILD patients. Results: One hundred and thirty-
four RA-ILD patients with a diagnosis of RA-ILD, who were confirmed at high-resolution computed
tomography and with a follow-up of at least 24 months, were enrolled. The patients were defined as
having a progressive fibrosing ILD in case of a relative decline in forced vital capacity > 10% predicted
and/or an increased extent of fibrotic changes on chest imaging in a 24-month period. Respiratory
symptoms were excluded to reduce possible bias due to the retrospective interpretation of cough and
dyspnea. According to radiologic features, ILD was classified as usual interstitial pneumonia (UIP) in
50.7% of patients, nonspecific interstitial pneumonia in 19.4%, and other patterns in 29.8%. Globally,
a fibrosing progressive pattern was recorded in 36.6% of patients (48.5% of patients with a fibrosing
pattern) with a significant association to the UIP pattern. Conclusion: We observed that more than a
third of RA-ILD patients showed a fibrosing progressive pattern and might benefit from antifibrotic
treatment. This study shows some limitations, such as the retrospective design. The exclusion of
respiratory symptoms’ evaluation might underestimate the prevalence of progressive lung disease
but increases the value of results.

Keywords: rheumatoid arthritis; interstitial lung disease (ILD); progressive fibrosing ILD; high-
resolution computed tomography; nintedanib
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1. Introduction

Interstitial lung disease (ILD) represents the most frequent extra-articular involvement
in rheumatoid arthritis (RA) patients, and is becoming the main cause of mortality and
quality of life impairment for these patients [1,2]. According to the current evidence,
ILD can be detected in about 15–20% of RA [2,3], and it can occur in all stages of the
disease, although a recent Danish study shows that about 50% of ILD diagnoses precede
or are simultaneous to RA [2]. Although ILD might be subclinical in a large proportion of
RA patients at the moment of diagnosis, about half of cases show a progression of lung
involvement in a 2-year period [4].

The mortality risk for RA-ILD patients is 2 to 10 times higher than RA patients
without ILD [2]; in RA-ILD patients, both a radiologic pattern of usual interstitial pneu-
monia (UIP) and a reduction in forced vital capacity over time are associated with a worst
prognosis [3–5].

Recently, the INBUILD study demonstrated the efficacy of nintedanib in the treatment
of progressive fibrosing ILD different than idiopathic pulmonary fibrosis (IPF), including
RA-ILD [6]. Therefore, the identification of patients with progressive ILD is becoming cru-
cial for the selection of patients who might benefit from antifibrotic therapy. Although a joint
committee of the American Thoracic Society, European Respiratory Society, the Japanese
Respiratory Society, and the Asociacion Latinoamericana de Torax (ATS/ERS/JRS/ALAT)
has provided a definition of progressive fibrosing ILD [7], treatment with nintedanib re-
mains limited to patients fulfilling the inclusion criteria of the INBUILD study. In fact, only
RA patients with a fibrosing pattern of ILD and a progression of the lung disease in a 2-year
period may be treated with nintedanib [6]. Since the number of RA-ILD patients suitable
for antifibrotic drugs remains largely unknown, we aimed to investigate the prevalence of
fibrosing progressive patterns in a cross-sectional multicentre Italian cohort of non-selected
RA-ILD patients and the possible factors associated to a progressive fibrosing behavior
of ILD.

2. Patients and Methods

All consecutive RA patients referred to six Italian Rheumatology Centres between
July 2021 and June 2022 with a diagnosis of ILD from at least 2 years previous were
enrolled in the study. All patients were classified as RA according to the 2010 EULAR/ACR
classification criteria at the moment of inclusion in the study [8].

The study was approved by the local ethical committee and each patient gave
their consent.

High-resolution computed tomography (HRCT) scans were centrally assessed by an
expert chest radiologist (AS) according to the Fleischner Society White Paper statement
on the diagnosis of IPF [9]. The most recent chest high-resolution computed tomography
(HRCT) and lung function tests (LFTs), carried out within 3 months from the last available
follow-up, were compared to the HRCT and LFTs performed 24 months before.

For each patient enrolled in the study, demographic, clinical, and serological data
were collected. HRCT and LFTs, including % of predicted forced vital capacity (FVC)
and the % of predicted single-breath diffusing capacity of the lung for carbon monoxide
(DLCO-SB) [10], were collected at the moment of the enrolment and retrospectively at
baseline (twenty-four months before).

An autoantibodies profile, including rheumatoid factor (RF), anticitrullinated pep-
tide antibodies (ACPA), and antinuclear antibodies, was collected at the enrolment. Fur-
thermore, previous and current RA treatments were recorded for each subject, namely
methotrexate and biologic and targeted synthetic disease-modifying antirheumatic drugs
(Table 1).



J. Clin. Med. 2023, 12, 7041 3 of 9

Table 1. Clinical, demographic, and serologic features of RA-ILD patients.

% Number

Males/Females 40.3%/59.7% 54/80
Rheumatoid factor 84.3% 113
ACPA 71.6% 96
Anti-SSA 15.7% 21
Ever smoke 48.5% 65

Median IQR
Median age at last HRCT 73.0 years 66–79
Median ILD duration 53 months 31.75–101.5
Median RA duration 10 years 6–19
Age at last HRCT 72.0 years 70.4–73.7
Mean RA duration 13.1 years 11.2–15.0
Median FVC at baseline 92% 79–113
Median FVC at the end of FU 86.5% 70.75–101.25
Median DLCO at baseline 60.0% 51–72
Median DLCO at the end of
FU 52.0% 44–66.5

Treatments % number
Ever methotrexate 66.4% 89
Ever abatacept 32% 43
Ever TNF inhibitors 31.3% 42
Ever JAK inhibitors 20.1% 27
Ever rituximab 17.2% 23
Ever anti-IL6 antibodies 14.9% 20

Continuous data are reported as median and interquartile range (IQR). ACPA: anti-cyclic citrullinated peptide
antibodies; HRCT: high-resolution computed tomography; ILD: interstitial lung disease; RA: rheumatoid arthritis;
FVC: forced vital capacity; DLCO: diffusion lung of carbon monoxide; FU: follow-up; TNF: tumor necrosis factor;
JAK: Janus kinases; IL6: interleukin 6.

The HRCT pattern of disease was recorded as definite, probable usual interstitial
pneumonia (UIP), or indeterminate for UIP. If a pattern indeterminate for UIP was noted,
it was furtherly classified as nonspecific interstitial pneumonia (NSIP), fibrotic NSIP, and
other patterns [11].

During the enrolment period, a total of 160 RA-ILD patients were visited in the centres
involved in the study. Among them, 20 patients had a diagnosis of ILD less than 2 years
ago, while another 6 patients were excluded for absence of HRCT and/or lung function
tests in the last 2 years. In both cases, we did not have the possibility of evaluating the
presence of a progressive fibrosing ILD according to the inclusion criteria of the study.

According to the INBUILD inclusion criteria, patients were defined as having a pro-
gressive ILD in the case of a relative decline in FVC ≥ 10% predicted and/or a relative
decline in FVC ≥ 5% predicted associated to an increased extent of fibrotic changes on
chest imaging in a 24-month period [6]. Changes in respiratory symptoms, namely cough
and dyspnea, were excluded from the inclusion criteria.

All participants gave their written informed consent and the present study was ap-
proved by the local institutional ethics committee.

Continuous variables were reported as median and interquartile range (IQR), while
categorical variables were reported as absolute numbers and percentages. Categorical
variables were analyzed by the chi-square test or Fisher’s exact test when appropriate
and differences between the medians were determined using the Mann–Whitney test for
unpaired samples. Clinical features were reported as dichotomic or ordinal parameters. A
p value < 0.05 was considered statistically significant [12].

3. Results

One hundred and thirty-four RA-ILD patients were enrolled in the study (males/females
54/80, median age 73 years [66–79], median RA duration 10 years [6–19.25], and median
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ILD duration 53 months [31.75–101.5]). In 23.9% of cases, the diagnosis of ILD preceded or
was concurrent to RA. See Table 1 for demographic, clinical, and serological data.

Rheumatoid factor was detected in 87.6% of patients, while anticitrullinated peptide
antibodies (ACPA) were recorded in 76.2% of cases; anti-SSA antibodies were recorded
in 14.9%.

Eighty-four patients were currently or previously treated with methotrexate, while
94 were treated with at least one biologic or targeted synthetic disease modifying an-
tirheumatic drugs (DMARDs), namely abatacept (31.8%), tumor necrosis factor inhibitors
(31.3%), Janus kinase inhibitors (20.3%), rituximab (17.1%), and anti-interleukin 6 receptor
antibodies (14.8%).

According to radiologic features, ILD was classified as probable or definite usual
interstitial pneumonia (UIP) in 50.7% of patients, nonspecific interstitial pneumonia (NSIP)
in 19.4%, and other patterns in 29.9%. A fibrosing pattern was also observed, other than in
patients with UIP pattern, in 57.7% of patients with NSIP and 40% of patients with other
patterns. Globally, a fibrosing pattern was detected in 73.9% of cases.

The median FVC at the time of the first evaluation was 92% (79–113), while DLCO
was 59.5% (50–72).

A progression in ILD (relative FVC decline ≥ 10% or a progression in radiologic
fibrotic involvement and a relative FVC decline ≥ 5%) was observed in 53 patients (39.6%).
Among them, 25 patients had a radiologic progression in fibrotic alterations and a relative
FVC decline ≥ 5%; 29 had a concurrent progression of HRCT manifestations and a clinically
significant decline of FVC ≥ 10%; and 4 patients showed exclusively a deterioration in lung
function by means of FVC ≥ 10%. Of interest, two patients, already treated with nintedanib,
were classified as progressive according to their previous clinical history, but showed a
stability of lung fibrosis at HRCT and an improvement in FVC during the last 2 years.

As expected, a significant difference in the relative decline in FVC and DLCO was
recorded between progressive and non-progressive ILD. In particular, the median FVC
decline was 12% (7–22) vs. 0% ((−2.9)–2), for progressive and non-progressive disease,
respectively (p < 0.001), and DLCO decline was 9% ((−7.5)–4.25) vs. −1% (2–15.5) for
progressive and non-progressive ILD, respectively (p < 0.001).

Globally, a fibrosing progressive pattern was recorded in 36.6% of patients (49/134,
48.5% of patients with fibrosing pattern). In particular, 54.4% of patients with a UIP pattern,
30.8% of patients with NSIP, and 10% of patients with other HRCT ILD patterns showed a
fibrosing progressive pattern (Table 2).

Table 2. Decline in FVC and DLCO according to interstitial lung disease behavior.

Non-Fibrosing
Nonprogressive

Non-Fibrosing
Progressive

Fibrosing
Nonprogressive

Fibrosing
Progressive

Median FVC change 0 (−1.5, 3) 14 (8.5, 41) 0 (−5, 2) 12 (7, 22)
Median DLCO change −1 (−11, 1.25) 9.1 (5.55–12.55) −1 (−6.5, 5.25) 9 (2, 15)

HRCT patterns
UIP 0% UIP 0% UIP 62% UIP 75.5%

NSIP 22.6% NSIP 100% NSIP 14% NSIP 16.3%
Other 77.4% Other 0% Other 24% Other 8.4%

FVC: forced vital capacity % predicted; DLCO: diffusion lung carbon monoxide % predicted; FU: follow-up;
HRCT: high resolution computed tomography; UIP: usual interstitial pneumonia; NSIP: nonspecific interstitial
pneumonia. Of interest, as above reported, a progressive behavior of disease was also recorded in 4 patients with
a non-fibrosing NSIP (11.4% of patients with a non-fibrosing pattern). See Figure 1 for an overall description of
the radiological and functional evolution of the enrolled patients.

Clinical and serological features of RA were analyzed to investigate a possible associa-
tion with the fibrosing progressive pattern. At univariate analysis, the UIP pattern, DLCO,
and the value of rheumatoid factor were significantly associated with the fibrosing progres-
sive pattern. The UIP pattern and the value of rheumatoid factor remained independently
associated with fibrosing progressive ILD, even after adjustment for age and sex (Table 3).
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Figure 1. Interstitial lung disease behavior. Schematic representation of the frequencies of ILD
progression patterns among the patients enrolled in the study.

Table 3. Association between the fibrosing progressive pattern and clinical and serological features
of rheumatoid arthritis.

Univariate Analysis Multivariate Analysis

OR 95% CI p OR 95% CI p

Male gender 2.01 0.98–4.12 0.056
Rheumatoid factor 2.04 0.70–5.97 0.193
RF value 1.002 1.000–1.003 0.035 1.002 1.000–1.005 0.030
ACPA 1.92 0.84–4.39 0.124
ACPA value 1.000 1.000–1.001 0.278
Anti-SSA 0.71 0.19–2.69 0.619
Ever smoker 1.36 0.65–2.83 0.411
Age at last HRCT 1.00 0.97–1.04 0.907
RA duration 0.98 0.94–1.02 0.383
ILD duration 1.00 0.99–1.01 0.250
RA to ILD interval 1.00 0.99–1.00 0.131
ILD preceding RA 1.73 0.72–4.16 0.218
FVC at baseline 0.99 0.97–1.01 0.181
DLCO at baseline 0.96 0.94–0.99 0.017 0.97 0.94–1.01 0.182
UIP pattern 5.37 2.44–11.80 <0.001 9.16 2.18–38.53 0.003
Treatments
Ever methotrexate 0.64 0.30–1.36 0.244
Ever abatacept 0.78 0.36–1.70 0.540
Ever TNF
inhibitors 1.59 0.74–3.39 0.239

Ever JAK inhibitors 1.05 0.43–2.55 0.910
Ever rituximab 1.82 0.72–4.58 0.206
Ever anti-IL6
antibodies 0.95 0.35–2.65 0.949

RF: rheumatoid factor; ACPA: anti-cyclic citrullinated peptides antibodies, HRCT: high-resolution computed
tomography; ILD: interstitial lung disease; RA: rheumatoid arthritis; FVC: forced vital capacity; DLCO: diffusion
lung of carbon monoxide; FU: follow-up; TNF: tumor necrosis factor; JAK: Janus kinases; IL6: interleukin 6.

4. Discussion

ILD complicates rheumatoid arthritis (RA) in more than 10% of cases, severely com-
promising the quality of life and survival of RA patients. In any case, the treatment of
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RA-ILD is still challenging and shared recommendations about its management are still
lacking [13,14].

In the past years, different definitions of progressive fibrosing ILD have been provided,
and recently, a joint committee of ATS/ERS/JRS/ALAT tried to revise this concept, with
the aim of obtaining a world-wide accepted classification for these patients [7].

Many authors have described a preponderance of a fibrosing pattern such as UIP in
patients with RA-ILD, but few data are yet available about the clinical history of these
patients [15–17].

Clinical trials aiming to evaluate the efficacy of antifibrotic drugs, namely nintedanib
and pirfenidone, have allowed for the first time the longitudinal investigation of patients
with RA-ILD. Results of the two trials are not completely comparable, since enrolment
criteria and endpoints were different in the two studies. The INBUILD trial evaluated the
efficacy of nintedanib in patients with progressive fibrosis ILD different to IPF and enrolled
patients with a progression of fibrotic radiologic findings, LFTs, or symptoms in a 2-year
period; the primary endpoint of the study consisted in a difference in the FVC decline in a
52-week period between placebo and the treated group [6]. The TRIAL1 study included
RA-ILD patients with a fibrotic ILD regardless of the behavior, and the primary outcome
was a composite endpoint of a decline from baseline in FVC of 10% or more, or death. The
study failed to reach the primary endpoint, but the difference in FVC decline in patients
treated with pirfenidone or placebo was statistically significant [18]. In particular, patients
with a UIP pattern enrolled in the TRAIL1 study showed a deterioration in FVC similar
to that observed in patients with IPF, suggesting that UIP might be a progressive disease
per se [19].

Nevertheless, the number of patients included in INBUILD is too small for obtaining
conclusive answers about the response to the treatment and the prognosis of RA-ILD
patients [6], and the recent ATS/ERS/JRC/ALAT guidelines conditionally recommended
nintedanib for the treatment of progressive fibrosis disease in patients affected by RA-ILD
who have failed standard management [7]. In the same guidelines, ATS/ERS/JRC/ALAT
did not make any treatment recommendations for or against pirfenidone but recommended
further research into the efficacy, effectiveness, and safety in non-IPF ILD patients manifest-
ing PPF [7].

In this scenario, waiting for a validation of ATS/ERS/JRS/ALAT criteria, a treatment
with nintedanib is limited to patients with fibrosing progressive ILD according to the
INBUILD inclusion criteria [6]. Therefore, an estimation of these patients is important in
planning therapeutic strategies for patients with rheumatic diseases, such as RA.

Our study confirmed that RA is associated to a high proportion of fibrosing HRCT
patterns of ILD, involving about 75% of RA-ILD patients. Among them, about half have a
progressive pattern, in particular in patients with UIP pattern. Long-term follow-up could
help in evaluating if a slower progression can also be observed in the other patients with a
progressive pattern.

Recently, a retrospective Belgian study found a very high proportion of progressive
fibrosing RA-ILD (48/89 patients) according to the INBUILD criteria. The retrospective
design of this study probably induced an overestimation of progressive fibrosing lung
disease. However, the authors also showed that the risk of death was twice that for RA-ILD
compared with RA patients without lung involvement. Moreover, differently from this and
other studies, the NSIP pattern was the most frequent (60.7%) followed by UIP (27.0%),
and the proportion of a progressive fibrosing behavior was independent of the HRCT
pattern [20].

In our study, only 30.8% of patients with NSIP pattern showed a progressive fibrosing
ILD compared to about 55% of patients with UIP pattern. Analogous to that observed
by Denis and co-workers, the proportion of progressive fibrosing ILD was rare in other
patterns of ILD [20].

This observation confirms that in RA patients, the UIP pattern has an important
prognostic value. Some authors reported an association between UIP pattern and increased
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mortality in RA [5], while in connective tissue diseases (CTDs), patients’ radiologic ILD
pattern did not modify the survival of the patients [21]. Similarly, radiologic UIP pattern of
ILD was not associated with fibrosing progressive ILD in CTDs [22,23], while UIP seems to
be progressive in a large percentage of cases in RA-ILD [5,18].

Recently, the MUC5B rs35705950 variant has been associated with an increased risk
of developing ILD in RA patients [24]. Despite the close association between the MUC5B
rs35705950 variant and usual interstitial pneumonia, no association was detected between
the MUC5B rs35705950 variant and FVC decline at 2 years [25].

Our study shows some limitations and advantages. To avoid bias induced by the
partially retrospective collection of data, we decided not to collect data on dyspnea and
cough. This may cause an underestimation of the proportion of progressive fibrosing
ILD. The partially retrospective design of the study limited our ability in investigating for
factors possibly associated to a progressive fibrosing pattern. For example, RA disease
activity index, health assessment questionnaire, erythro-sedimentation rate, etc., were not
recorded in our study, but they have been associated in some studies with an increased
risk of developing RA-ILD [26,27]. In a recent Chinese study, multiple Cox regressions
identified high RA disease activity, a high HRCT score at baseline, and diabetes mellitus
as independent risk predictors for the progression of fibrosis in RA-ILD patients [28].
Moreover, we only enrolled patients referred to our centres in 2021–2022. Therefore,
patients with severe disease who died within the 2 years before the enrolment period could
have been excluded. For this reason, mortality and frequency of acute exacerbation have not
been evaluated in our study. On the other side, patients have been enrolled in a consecutive
manner in tertiary centres with expertise in ILD; therefore, we can be sufficiently sure that
a rigorous collection of HRCT and lung functional data should also be assured for patients
with mild or asymptomatic lung disease, allowing a realistic picture of clinical history of
these patients. Recent data suggest that ILD might be an early complication of RA [2];
however, a systematic screening for ILD at diagnosis is not actually recommended in RA
patients. Therefore, the diagnosis of RA-ILD can be delayed in many cases, explaining the
interval of about 7 years between RA and ILD diagnosis observed in our study. In about a
quarter of patients, the diagnosis of ILD pre-existed or was concurrent to RA, especially in
patients with a more recent diagnosis, suggesting an increased interest in screening for ILD
in the last years.

A small number of patients without fibrosing ILD showed a progression of lung
disease with a relative reduction in FVC ≥ 10%. Finally, about 60% of patients did not
show a disease progression. Patients with a UIP pattern might benefit from therapy with
antifibrotic drugs [6,18], but only long-term and large studies could clarify this point.
Another point to be addressed is the possible effect of steroids, methotrexate, or biologic
DMARDs on the progression of RA-ILD. The available data are contradictory about the
possibility that these drugs might reduce or increase the progression of lung involvement
in RA patients [29,30].

5. Conclusions

In conclusion, RA-ILD represents a heterogeneous condition, characterized by a severe
prognosis [2,3]. A multidisciplinary approach, involving the expertise of a rheumatologist,
radiologist, and pulmonologist, may contribute to choosing the best strategy for manage-
ment of these patients [3,31]. The early identification and treatment of RA-ILD patients
with fibrosing progressive disease could reduce the deterioration in lung function and
improve the morbidity and mortality of these patients [3,32,33]. In particular, patients with
a UIP pattern should be closely monitored for the high risk of disease progression.
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30. Andronache, I.-T.; Şuţa, V.-C.; Şuţa, M.; Ciocodei, S.-L.; Vladareanu, L.; Nicoara, A.D.; Arghir, O.C. Better Safe than Sorry:
Rheumatoid Arthritis, Interstitial Lung Disease, and Medication-A Narrative Review. Biomedicines 2023, 11, 1755. [CrossRef]
[PubMed]

31. Furini, F.; Carnevale, A.; Casoni, G.L.; Guerrini, G.; Cavagna, L.; Govoni, M.; Sciré, C.A. The Role of the Multidisciplinary
Evaluation of Interstitial Lung Diseases: Systematic Literature Review of the Current Evidence and Future Perspectives. Front.
Med. 2019, 6, 246. [CrossRef] [PubMed]

32. Manfredi, A.; Sebastiani, M.; Cerri, S.; Vacchi, C.; Tonelli, R.; Della Casa, G.; Cassone, G.; Spinella, A.; Fabrizio, P.; Luppi, F.; et al.
Acute exacerbation of interstitial lung diseases secondary to systemic rheumatic diseases: A prospective study and review of the
literature. J. Thorac. Dis. 2019, 11, 1621–1628. [CrossRef] [PubMed]

33. Luppi, F.; Sebastiani, M.; Salvarani, C.; Bendstrup, E.; Manfredi, A. Acute exacerbation of interstitial lung disease associated with
rheumatic disease. Nat. Rev. Rheumatol. 2022, 18, 85–96. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.rmed.2013.05.002
https://doi.org/10.1016/S2213-2600(22)00260-0
https://doi.org/10.1016/S2213-2600(22)00475-1
https://doi.org/10.3389/fmed.2022.1024298
https://doi.org/10.1164/rccm.200607-912OC
https://doi.org/10.1186/s12931-021-01879-6
https://www.ncbi.nlm.nih.gov/pubmed/34719401
https://doi.org/10.1056/NEJMoa1801562
https://doi.org/10.1016/j.semarthrit.2021.07.002
https://doi.org/10.1016/j.reuma.2019.05.007
https://doi.org/10.1002/art.42162
https://www.ncbi.nlm.nih.gov/pubmed/35583934
https://doi.org/10.3389/fmed.2023.1265355
https://doi.org/10.1016/j.autrev.2021.102830
https://www.ncbi.nlm.nih.gov/pubmed/33887489
https://doi.org/10.3390/biomedicines11061755
https://www.ncbi.nlm.nih.gov/pubmed/37371850
https://doi.org/10.3389/fmed.2019.00246
https://www.ncbi.nlm.nih.gov/pubmed/31750308
https://doi.org/10.21037/jtd.2019.03.28
https://www.ncbi.nlm.nih.gov/pubmed/31179106
https://doi.org/10.1038/s41584-021-00721-z
https://www.ncbi.nlm.nih.gov/pubmed/34876670

	Introduction 
	Patients and Methods 
	Results 
	Discussion 
	Conclusions 
	References

