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Abstract. Objective. To demonstrate the effects of rituximab (RTX) in patients with rheumatoid arthritis-related 
interstitial lung disease (RA-ILD). Methods. A total of 165 patients who used RTX for the management of rheu-
matoid arthritis were retrospectively scrutinised. Among these, 26 patients diagnosed with RA-ILD were analysed 
(61.5% male, mean age at RTX infusion 61.4 ± 6.5 years). To evaluate the efficacy of RTX on lung response, pa-
tients with pulmonary function test results and/or thorax computed tomography (chest-CT) of pre- and post-RTX 
were compared. Disease progression was defined as either a decline of ≥10% in forced vital capacity (FVC) and/or a 
decline of ≥15% in diffusion capacity of carbon monoxide (DLCO), or an increase of parenchymal involvement on 
chest-CT images according to the radiologists’ assessment. Results. Among 26 patients, the most common radiologic 
pattern was usual interstitial pneumonia (42.3%), followed by non-specific interstitial pneumonia (38.5%). Data 
for lung response was available in 20 patients. Median pre- and post- RTX DLCO values were 71.0% (60.0-77.0) 
and 63.0% (47.0-74.0), respectively (p= 0.06). Median pre- and post-RTX FVC values were 74.0% (61.0-99.0) 
and 84.0% (63.0-100.0), respectively (p= 0.28). Overall, stabilization or regression of RA-ILD was provided in 13 
(65.0%) patients, whereas 7 patients had progressive RA-ILD. Post-RTX, 5 patients were diagnosed with RA-ILD. 
Conclusion. Our results suggest that RTX is effective in achieving stabilization or even improvement of RA-ILD. 
However, considering that it does not cause regression in every patient and some develop RA-ILD under RTX, we 
still need more effective treatment options. 
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Introduction

Rheumatoid arthritis (RA) is a systemic inflam-
matory rheumatic disease which mainly affects small 
joints of the hands along with extra-articular man-

ifestations (1). Lungs are one of the most common 
extra-articular involvement sites of RA (2). Lung 
involvement might occur in different forms, and is 
reported to be seen in 7.7% of RA patients (3). In-
terstitial lung disease (ILD) is the most common type 
of lung involvement in RA, and it is mostly detected 
within the first years of RA diagnosis (3-6). Older age 
at RA diagnosis, male sex and severe RA activity is 
associated with the development of RA-ILD (7, 8). 

In contrast to other sites primarily affected by 
RA, the existence of RA-ILD is associated with 
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worse survival (5, 8). Older age, radiologically ex-
cessive involvement at RA-ILD diagnosis and usual 
interstitial pneumonia (UIP) pattern are related to 
mortality (6, 9). 

The introduction of more effective treatment op-
tions has resulted in less destructive articular disease. 
However, there is no mainstay treatment in the case 
of RA-ILD, as patients with RA-ILD are excluded 
from clinical trials. Nevertheless, recent data suggest 
that rituximab (RTX) might be an effective agent to 
prevent the progression of RA-ILD (10-12). In this 
observational retrospective study, we aimed to deter-
mine the effects of RTX in patients with RA-ILD 
from a single centre. 

Methods

Patient selection and treatment
A retrospective chart review was conducted of 

patients with RA treated with RTX between January 
2010 and December 2020 in our outpatient clinic. A 
total of 165 patients were using RTX for their RA di-
agnosis. Among them, 26 (15.8%) patients with RA-
ILD were analysed. All the patients included in the 
study met 2010 ACR/EULAR criteria for RA (13). 
RA-ILD was diagnosed by computed tomography of 
the chest (chest-CT). RTX was applied on day 1 and 
14 with a dosage of 1000 mg every 6 months, along 
with 40 mg methylprednisolone. 

Data collection
Chest-CT images of patients with RA-ILD 

were re-evaluated by two experienced radiologists 
(A.C. and C.U.). The date of RA-ILD diagnosis was 
considered as the date of the first chest-CT detecting 
pathological changes related to ILD. RA-ILD was 
subclassified as UIP, non-specific interstitial pneumo-
nia (NSIP), organizing pneumonia (OP), and inde-
terminate interstitial lung disease in compliance with 
the American Thoracic Society – European Respira-
tory Society classification (14). The severity of RA-
ILD was determined by visual volumetric assessment. 
The presence/absence of multiple features of fibrosis 
such as architectural distortion, reticulation, honey-
combing, and traction bronchiectasis/bronchiolectasis 

was considered when examining CT images. Volumes 
of all parenchymal abnormalities (ground-glass opac-
ity, consolidation, reticular pattern, and honeycomb-
ing) were roughly converted into a percentage of the 
total lung volume based on density changes. Limited, 
moderate and extensive disease on chest-CT was de-
fined as the involvement <10%, 10-30% and >30% of 
lung tissue, respectively. The patient’s demographic, 
clinical, laboratory and treatment characteristics with 
disease-modifying antirheumatic drugs (DMARDs) 
were also considered. The results of pulmonary func-
tion tests (PFTs) were also recorded, when available.   

To assess lung response to RTX, we primarily 
compared PFTs in the 6 to 12 months prior to RTX 
with PFTs in the 6 to 12 months following RTX or, 
preferably with PFTs in the most recent follow-up. 
Disease progression was defined as either a decline 
of ≥10% in forced vital capacity (FVC) and/or a de-
cline of ≥15% in diffusion capacity of carbon mon-
oxide (DLCO). Disease improvement was defined as 
either an increase ≥10% in FVC and/or an increase of  
≥15% in DLCO. Others who did not meet criteria for 
improvement or progression were classified as having 
stable lung response. In addition, when PFTs were 
not available, the percentage obtained by visual vol-
umetric assessment was integrated into lung response 
so as to endorse data provided by PFTs via using the 
similar time points with PFTs. An increase/decrease 
in percentage was considered disease progression/im-
provement as well. 

Follow-up duration was calculated by using the 
date on which RTX was first applied and the date 
on which last visit or death occurred. Any side effect 
which might be related to RTX infusion was recorded. 

Statistical analysis
Data are shown in numbers and percentages 

for categorical variables. Quantitative variables are 
shown as median and 25th and 75th percentile (Q1-
Q3) or as mean and standard deviation (SD). Com-
parisons of categorical variables were performed 
using the chi-square test or Fischer’s exact test. To 
demonstrate the differences in PFTs pre- and post- 
RTX, Wilcoxon rank test was performed. Indepen-
dent sample t-test, or Mann-Whitney U test as a 
nonparametric substitute, were used to analyse the 
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differences between the groups in which lung re-
sponse was evaluated. All tests were 2-sided at the 
0.05 significance level. Analyses were performed by 
using the SPSS software version 22. 

Results

The frequency of RA-ILD was 15.8% among 
165 patients who were initiated on RTX. Of 26 pa-
tients, 16 (61.5%) patients were male. Ages at RA and 
ILD diagnosis were 48.9 ± 14.0 and 58.4 ± 7.3 years, 
respectively. At the first RTX infusion, mean age of 
patients was 61.4 ± 6.5 years and median RA-ILD 
disease duration was 1.9 (0.1-4.5) years. Overall, 18 
(69.2%) patients had erosive disease. Rheumatoid 
nodules of skin and/or lungs were documented in 14 
(53.8%) patients. All patients, but one, were positive 
for rheumatoid factor. Two (7.7%) patients had sec-
ondary Sjögren’s syndrome. The characteristics of 26 
patients are illustrated in Table 1.

Six patients (23.1%) received 7 biological or tar-
geted synthetic DMARDs prior to RTX (infliximab= 
3, adalimumab= 1, etanercept= 1, tofacitinib= 2). In 
20 patients (76.9%), RTX was the first biological 
agent selected. RTX treatment was initiated either 
due to articular symptoms in 12 patients (46.2%), or 
due to newly diagnosed RA-ILD or worsening of ex-
istent ILD in 12 patients (46.2%), or due to both ar-
ticular symptoms and RA-ILD in 2 patients (7.7%). 
The most common interstitial pattern detected on 
chest-CT was UIP in 11 patients (42.3%), followed 
by NSIP in 10 (38.5%), indeterminate in 3 (11.5%), 
and OP in 2 (7.7%). Pre-RTX chest-CT images were 
available for 24 (92.3%) patients. Limited disease 
extent was observed in 11 (45.8%) patients, whereas 
moderate or extensive disease was seen in 9 (37.5%) 
and 4 (16.7%) patients, respectively.  

A total of 121 cycles of RTX was applied to the 
patients (median 4.5 (2.0-6.0)). In the second cycle 
of RTX, there was a significant reduction in DAS28 
scores (pre-RTX 5.1 vs. post-RTX 3.4, p<0.001). In 
the entire cohort, the most commonly used concom-
itant conventional synthetic DMARDs were leflun-
omide (46.2%), followed by mycophenolate mofetil 
(11.5%), methotrexate (11.5%) and azathioprine 

Table 1. Characteristics of patients with RA-ILD treated with RTX

Male sex, n (%) 16 (61.5)

Age at first RTX infusion, mean (SD), years 61.4 (6.5)

RA disease duration at first RTX, median (Q1-
Q3), years

10.1 (4.3-29.7)

ILD disease duration at first RTX, median (Q1-
Q3), years

1.9 (0.1-4.5)

Age at RA diagnosis, mean (SD), years 48.9 (14.0)

Age at ILD diagnosis, mean (SD), years 58.4 (7.3)

RF positivity 25 (96.2)

ACPA positivity* 20 (90.9)

ANA positivity† 11 (42.3)

Higher CRP (> 5 mg/L), n (%) 19 (73.1)

CRP levels,mg/L, mean (SD) 35.7 (52.9)

Higher ESR (>20 mm/hour), n (%) 21 (80.8)

ESR levels, mean (SD) 39.4 (18.0)

Smoking status‡, n (%) 16 (64.0)

Never 9 (37.5)

Ex-smoker 11 (45.8)

Current 4 (16.7)

Secondary Sjögren’s syndrome, n (%) 2 (7.7)

Prior anti-TNF treatment, n (%) 4 (15.4)

Concomitant DMARDs

Methothrexate 3 (11.5)

Azathioprine 1 (3.8)

Leflunomide 12 (46.2)

Mycophenolate mofetil 3 (11.5)

Steroids 24 (92.3)

DAS28 at first RTX infusion, mean (SD) 5.2 (1.5)

Radiographic pattern, n (%)

Usual interstitial pneumonia 11 (42.3)

Non-specific interstitial pneumonia 10 (38.5)

Organizing pneumonia 2 (7.7)

Indeterminate 3 (11.5)

Median pre-RTX DLCO¥, %, (Q1-Q3) 71.5 (51.0-79.8)

Median pre-RTX FVC§, %, (Q1-Q3) 76.5 (61.0-97.5)

Follow-up duration, median (Q1-Q3), years 2.5 (1.2-3.7)

RA= rheumatoid arthritis, ILD= interstitial lung disease, RTX= 
rituximab, RF= romatoid factor, ACPA= anti-citrullinated protein 
antibody, CRP= C reactive protein, ESR= erythrocyte sedimentation 
rate, anti-TNF= anti tumor necrosis factor, DMARDs= disease-
modifying antirheumatic drugs, DAS28= disease activity score 28, 
DLCO= diffusion capacity of carbon monoxide, FVC= forced vital 
capacity *Data of 22 patients were available, †Data of 24 patients were 
available, ‡Data of 25 patients were available, ¥Data of 18 patients were 
available, §Data of 16 patients were available
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complete for lung response assessment, no adverse 
affects were detected related to RTX and RTX was 
continued during the follow-up. After a median dura-
tion of 1.7 years (0.24-4.13), 2 out of 6 patients died 
of cardiac events.  

Safety and adverse events
Among 165 patients, 5 (3%) patients were di-

agnosed with RA-ILD during RTX treatment. All 
5 patients did not have any symptoms and/or radio-
logical changes related to ILD before RTX initiation. 
One out of 5 patients died of viral pneumonia and 
the rest continued RTX without a progression of their 
RA-ILD. 

Considering 26 patients treated with RTX for 
their RA-ILD, 23 adverse events were detected in 11 
(42.3%) patients. Five of them were serious infections 
requiring hospitalization, mostly pneumonia. RTX 
was stopped in 4 (15.4%) patients due to side-effects: 
infections secondary to hypogammaglobulinaemia 
(2), malignancy (1) and allergic reaction (1).

During a median follow-up of 2.5 (1.2-3.7) 
years, 3 (11.5%) exitus were noted among 26 patients. 
The causes of death were respiratory failure related to 

(3.8%). Median glucocorticoid dosage was 10.0 mg/
day (5.0-16.25) at the initiation of RTX, whereas it 
was 5.0 mg/day (5.0-10.0) at the last RTX infusion 
(p= 0.012). Twenty-four (92.3%) patients continued 
using steroids during follow-up. 

Lung response to RTX 
For the evaluation of lung response, 20 patients 

who had follow-up PFTs and/or chest-CT were com-
pared. The detailed data of these 20 patients showed 
in supplementary Table 1. Twelve patients had pre- 
and post PFT results available. Median DLCO values 
for pre- and post- RTX were 71.0% (60.0-77.0) and 
63.0% (47.0-74.0), respectively (p= 0.06). Median 
pre- and post-RTX FVC values were 74.0% (61.0-
99.0) and 84.0% (63.0-100.0), respectively (p= 0.28). 
Extensive disease on chest-CT was detected in 3 pa-
tients prior to RTX, whereas 4 patients had extensive 
disease at the last visit. The features on chest-CT scans 
are shown in Table 2. After a median of 2.4 years, 11 
(55.0%) patients had stable disease, 2 (10.0%) pa-
tients had improvement of RA-ILD (Figure 1) and 
7 (35.0%) patients had progressive disease. Among 
those with progressive disease, either UIP pattern (n= 
4) or NSIP pattern (n= 3) were recorded. Sex, age and 
radiographic patterns were not associated with pro-
gression (Table 3). There was a weak correlation be-
tween articular response and overall lung response (r= 
0.28, p= 0.258). Among 20 patients, only 1 patient 
with progressive disease died of respiratory failure re-
lated to lung disease. 

In the remaining 6 patients whose data were in-

A1

B1

A2

B2

Figure 1. CT images of two separate patients (A-B) obtained 
at mid-lung and basal levels show visual improvement of subp-
leural reticulations in a 1-year interval. A1 and B1 images show 
the involvement of lung tissue pre-RTX, A2 and B2 images 
illustrate the involvement of lung tissue post-RTX.

Table 2. Pre- and post- RTX chest-CT images’ findings of 20 
patients analysed

Pre-RTX Post-RTX

Irregular reticulation 20 (100.0) 20 (100.0)

Honeycombing 11 (55.0) 11 (55.0)

Traction bronchiectasis 17 (85.0) 17 (85.0)

Ground glass opacities 20 (100.0) 20 (100.0)

Emphysema 12 (60.0) 12 (60.0)

Pleural effusion 2 (10.0) 3 (15.0)

Bronchiectasis 
(tubular/cystic)

2 (10.0) 2 (10.0)

Extensive disease 3 (15.0) 4 (20.0)

RTX= rituximab, chest-CT= computed tomography of the 
chest
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ILD in 1 patient and atherosclerotic heart disease in 
2 patients. 

Discussion

The exact mechanism by which RA-ILD occurs is 
poorly understood. There are several hypotheses sug-
gesting that lungs are the first part of autoimmunity 
in RA development (15, 16). It was documented that 
higher articular disease activity increases the risk of 
RA-ILD development, which clinically supports the 
interaction between joints and lungs (8, 17). As well 
as active articular disease, male gender, seropositivity, 
older age, and smoking are also shown to be associated 
with RA-ILD development (6, 18). Even though our 
cohort does not reflect all patients with RA-ILD, most 
patients were male and seropositive in our study group, 
and more than 60% of them were smokers. 

The usage of methotrexate has been controversial 
in the setting of RA-ILD. Previous recommendations 
did not support the usage of methotrexate when RA-
ILD was evident, even though it is considered to be 
the anchor drug for RA treatment (19). However, 
the most recent American College of Rheumatolo-
gy guideline for RA treatment conditionally recom-
mends methotrexate usage in the existence of mild 
or asymptomatic RA-ILD (20). Nevertheless, the 
percentage of methotrexate users in our cohort was 
very low (11.5% in the last visit), but no respiratory 
adverse event was detected during follow-up related 
to methotrexate. 

RA-ILD is a progressive disease in which up to 
50% of patients deteriorate within the first two years 
of the disease (12, 21). Extensive lung involvement 
and low basal DLCO portend disease progression 
(21). However, due to the lack of clinical trials in 
the setting of RA-ILD and concerns about aggra-
vation of the disease with conventional or biological 
DMARDS, there is no standard care for patients 
with RA-ILD. The demonstration of follicular B-cell 
hyperplasia in the lung tissue of patients with RA-
ILD has paved the way for the usage of RTX in RA-
ILD (22). Clinically, data regarding RTX efficacy for 
ILD mostly come from scleroderma trials. In some 
studies conducted in patients with connective tissue 
disease-associated ILD, which comprise RA patients 

Table 3. The clinical features of the patients with data for 
lung response assessment

Progressed
n= 7 (35%)

Not 
progressed*

n= 13 (65%)
Male sex, n (%) 5 (71.4) 7 (53.8)

Age at RA diagnosis, mean 
(SD), years

46.1 (15.9) 49.9 (11.9)

Age at ILD diagnosis, mean 
(SD), years

57.1 (9.9) 58.7 (5.2)

Age at first RTX infusion, 
years, mean (SD)

61.5 (7.8) 61.4 (4.8)

ILD duration at first RTX 
infusion, years, median 
(Q1-Q3)

4.2 (0.06-7.03) 1.6 (0.06-3.98)

Smoking, n (%) 7 (100.0) 7 (53.8)

Never 0 (0.0) 6 (46.2)

Ex-smoker 7 (100.0) 5 (38.5)

Current 0 (0.0) 2 (15.4)

Pre-RTX progression, n (%) 2 (28.6) 3 (23.1)

Pre-RTX extensive disease‡, 
n (%)

0 (0.0) 3 (23.1)

Pre-RTX moderate disease‡, 
n (%)

4 (57.1) 4 (30.8)

Pre- and post-RTX PFT 
availability, n (%)

6 (85.7) 6 (46.2)

Pre-RTX FVC, %, median 
(Q1-Q3)

74 (64-90) 82 (63-109)

Pre-RTX DLCO, %, median 
(Q1-Q3)

71 (65-74) 68 (48-77)

Pre-RTX DLCO ≤ 60%, n 
(%)

1 (16.7) 4 (44.4)

DAS28 at first RTX infusion, 
mean (SD)

4.6 (1.5) 5.3 (1.5)

Erosive disease, n (%) 5 (71.4) 8 (61.5)

Subcutaneous rheumatoid 
nodules n (%)

2 (28.6) 6 (46.2)

UIP pattern, n (%) 4 (57.1) 6 (46.2)

Emphysema, n (%) 5 (71.4) 7 (53.8)

Bronchiectasis (tubular/
cystic), n (%)

1 (14.3) 0 (0.0)

Death, n (%) 1 (14.3) † 0 (0.0)

RA= rheumatoid arthritis, ILD= interstitial lung disease, 
RTX= rituximab, PFT= pulmonary function test, FVC= forced 
vital capacity, DLCO= diffusion capacity of carbon monoxide, 
DAS28= disease activity score 28, UIP= usual interstitial pneu-
monia
*This group includes the patients with stabilization or improve-
ment of RA-ILD after the usage of RTX.
‡According to the HRCT extension
†This patient died of respiratory failure.  
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Supplementary Table 1. Characteristics of 20 patients whose pre- and post-RTX data were available

Male sex, n (%) 12 (60.0)

Age at first RTX infusion, mean (SD), years 61.5 (5.8)

RA disease duration at first RTX, median (Q1-Q3), years 12.2 (4.4-19.8)

ILD disease duration at first RTX, median (Q1-Q3), years 2.6 (0.1-5.2)

Age at RA diagnosis, mean (SD), years 48.6 (13.2)

Age at ILD diagnosis, mean (SD), years 58.1 (7.0)

RF positivity, n (%) 19 (95.0)

ACPA positivity*, n (%) 15 (88.2)

ANA positivity†, n (%) 9 (47.4)

Higher CRP (> 5 mg/L), n (%) 14 (70.0)

CRP levels,mg/L, mean (SD) 40.3 (58.9)

Higher ESR (>20 mm/hour), n (%) 16 (80.0)

ESR levels, mean (SD) 37.7 (18.2)

Smoking status, n (%)

Never 6 (30.0)

Ex-smoker 12 (60.0)

Current 2 (10.0)

Secondary Sjögren’s syndrome, n (%) 1 (5.0)

Prior anti-TNF treatment, n (%) 4 (20.0)

Concomitant DMARDs

Methothrexate 1 (5.0)

Azathioprine 1 (5.0)

Leflunomide 9 (45.0)

Mycophenolate mofetil 2 (10.0)

Steroids 18 (90.0)

DAS28 at first RTX infusion, mean (SD) 5.1 (1.5)

Radiographic pattern, n (%)

Usual interstitial pneumonia 10 (50.0)

Non-specific interstitial pneumonia 7 (35.0)

Organizing pneumonia 2 (10.0)

Indeterminate 1 (5.0)

Median pre-RTX DLCO¥, %, (Q1-Q3) 71 (54-79)

Median pre-RTX FVC§, %, (Q1-Q3) 79 (64-100)

Follow-up duration, median (Q1-Q3), years 2.7 (2.1-3.8)

RA= rheumatoid arthritis, ILD= interstitial lung disease, RTX= rituximab, RF= romatoid factor, ACPA= anti-citrullinated protein 
antibody, CRP= C reactive protein, ESR= erythrocyte sedimentation rate, anti-TNF= anti tumor necrosis factor, DMARDs= 
disease-modifying antirheumatic drugs, DAS28= disease activity score 28, DLCO= diffusion capacity of carbon monoxide, FVC= 
forced vital capacity
*Data of 17 patients were available, †Data of 19 patients were available, ¥Data of 15 patients were available, §Data of 13 patients 
were available

APPENDIX


