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Abstract: Objectives: To analyze the efficacy and safety of rituximab (RTX) in connective tissue
disease associated with interstitial lung disease (CTD-ILD). Methods: We performed a multicenter,
prospective, observational study of patients with CTD-ILD receiving rituximab between 2015 and
2020. The patients were assessed using high-resolution computed tomography and pulmonary
function tests at baseline, at 12 months, and at the end of follow-up. The main outcome measure
at the end of follow-up was forced vital capacity (FVC) > 10% or diffusing capacity of the lungs
for carbon monoxide (DLCO) > 15% and radiological progression or death. We recorded clinical
characteristics, time to initiation of RTX, concomitant treatment, infections, and hospitalization. A
Cox regression analysis was performed to identify factors associated with worsening ILD. Results: We
included 37 patients with CTD-ILD treated with RTX for a median (IQR) of 38.2 (17.7–69.0) months.
At the end of the follow-up, disease had improved or stabilized in 23 patients (62.1%) and worsened
in seven (18.9%); seven patients (18.9%) died. No significant decline was observed in median FVC
(72.2 vs. 70.8; p = 0.530) or DLCO (55.9 vs. 52.2; p = 0.100). The multivariate analysis showed the
independent predictors for worsening of CTD-ILD to be baseline DLCO (OR (95% CI), 0.904 (0.8–0.9);
p = 0.015), time to initiation of RTX (1.01 (1.001–1.02); p = 0.029), and mycophenolate (0.202 (0.04–0.8);
p = 0.034). Only 28 of the 37 patients (75.6%) were still undergoing treatment with RTX: two patients
(5.4%) stopped treatment due to adverse events and seven patients (18.9%) died owing to progression
of ILD and superinfection. Conclusion: Lung function improved or stabilized in more than half of

J. Clin. Med. 2022, 11, 927. https://doi.org/10.3390/jcm11040927 https://www.mdpi.com/journal/jcm

https://doi.org/10.3390/jcm11040927
https://doi.org/10.3390/jcm11040927
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/jcm
https://www.mdpi.com
https://orcid.org/0000-0001-6173-2051
https://orcid.org/0000-0001-8290-3542
https://orcid.org/0000-0003-2284-7846
https://orcid.org/0000-0002-3633-3224
https://orcid.org/0000-0002-2962-9844
https://doi.org/10.3390/jcm11040927
https://www.mdpi.com/journal/jcm
https://www.mdpi.com/article/10.3390/jcm11040927?type=check_update&version=1


J. Clin. Med. 2022, 11, 927 2 of 14

patients with CTD-ILD treated with RTX. Early treatment and combination with mycophenolate
could reduce the risk of progression of ILD.

Keywords: autoimmune disease; interstitial lung disease; rituximab

1. Introduction

Interstitial lung disease (ILD) is a common condition in patients with connective
tissue disease (CTD). It is associated with increased morbidity and mortality [1]. The
CTDs most commonly associated with ILD (CTD-ILDs) include systemic sclerosis (SS),
rheumatoid arthritis (RA), and inflammatory myopathy (IM), which have been reported
in up to 70% of affected patients [2]. ILD is the main cause of death in patients with SS
and MI [3–5], while in RA patients, it is the second cause of death after cardiovascular
disease [1]. While the treatment of these diseases has improved in recent years with the
advent of immunosuppressants and biologics, management of ILD is clinically challenging,
since patients are generally excluded from clinical trials for safety reasons [6].

Corticosteroids, cyclophosphamide, mycophenolate mofetil, and azathioprine are the
most common drugs for CTD-ILD treatment [2]. While these immunosuppressants have
proven beneficial for patients with CTD-ILD, the response proved to be insufficient in some
cases, thus necessitating rescue therapy [7–9]. Furthermore, antifibrotic agents such as
nintedanib were shown to be beneficial for lung involvement in patients from the SEN-
SCIS [10] and INBUILD [11] studies. The use of conventional synthetic disease-modifying
antirheumatic drugs (csDMARDs), generally in patients with RA and in some manifesta-
tions of SS and IM, has for some time been considered controversial in the treatment of
CTD-ILD. Although older studies associated methotrexate with the development of ILD,
more recent, higher-quality studies have failed to confirm the association [12,13]. Evidence
is scarcer for the other csDMARDs. However, one meta-analysis did not report a higher
frequency of respiratory adverse effects [14]. As for biologic DMARDS (bDMARDs), the
available evidence—based mainly on cross-sectional and retrospective studies—suggests
that rituximab and abatacept could be safe for CTD-ILD treatment [6,15–22]. Tocilizumab
has also been suggested to be effective in preserving lung function in SS [23]. Tumor necro-
sis factor inhibitors, on the other hand, have been associated with a risk of exacerbating
lung disease in patients with RA [14].

Rituximab is a chimeric monoclonal antibody that depletes anti-CD20 B cells and
is composed of a human portion and a murine portion. It has been approved for the
treatment of RA [24] and antineutrophil cytoplasmic antibody-associated vasculitis [25].
However, some recent retrospective studies suggest that it could be an alternative treatment
for patients with CTD-ILD, even in cases that prove refractory to conventional immuno-
suppressants [6,21,26–28]. Therefore, based on a multicenter registry study of patients
with CTD-ILD [21,22], we prospectively evaluated the use of rituximab with the following
objectives: (1) to report on the efficacy and safety profile of rituximab in different CTD-ILDs;
and (2) to identify risk factors that help to predict progression and mortality in patients
treated with rituximab.

2. Materials and Methods
2.1. Design

We performed a multicenter prospective observational study of a cohort of patients
with CTD-ILD receiving rituximab at 6 teaching hospitals in Andalusia, Spain. The study
was approved by the Ethics Committee of Hospital Regional Universitario de Málaga
(HRUM) (Code no. 1719-N-15). All the participants gave their written informed consent
before participating.
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2.2. Study Population

Patients with CTD-ILD who were candidates for treatment with rituximab were
recruited at the participating centers between March 2015 and June 2021. ILD was confirmed
using pulmonary function testing (PFT) and high-resolution computed tomography (HRCT)
or lung biopsy. The eligibility criteria were as follows: age ≥ 18 years; RA based on the
criteria of ACR/EULAR 2010 [29]; SS based on the criteria of ACR/EULAR 2013 (41); and
dermatomyositis and polymyositis (MI) based on the criteria of Bohan and Peter [30,31], as
applicable; and treatment with ≥2 doses of rituximab for at least 12 months. We excluded
patients with an inflammatory disease or rheumatic disease other than RA, SS, and IM
(except for secondary Sjögren syndrome).

2.3. Protocol

All patients underwent a check-up every 3–6 months at the rheumatology clinic and
every 6–12 months at the pulmonology clinic in cases requiring joint follow-up. Patients
also underwent an HRCT scan and PFT at initiation of treatment with rituximab (V0)
and, subsequently, at 12 months (V12) and when required, according to the criterion of
the attending physician or because of worsening clinical condition. A final cut-off was
made in 2020 with HRCT and PFT (Vf). All HRCT scans were based on axial slices (1.5 or
2.0 mm in thickness) taken at 1 cm intervals along the thorax and reconstructed using
a high-spatial-frequency algorithm, with acquisition of 20–25 images per patient. The
radiological evaluation was performed blind and independently by 2 experts in pulmonary
radiology at HRUM. Discrepancies in the readings were resolved by consensus. Data were
recorded at V0, V12, and during the last year of follow-up (Vf).

Patients who had worsening respiratory symptoms or decline in the pulmonary func-
tion tests compared to the time of ILD diagnosis were treated with rituximab. Rituximab
was administered in 2 intravenous infusions of 1000 mg on days 1 and 15 every 6 months
or more, depending on pulmonary or joint symptoms and serum immunoglobulin lev-
els. All patients were premedicated at each infusion with 100 mg of methylprednisolone,
antihistamines, and antipyretic agents.

2.4. Working Definitions and Variables

The main variable was “Course of ILD at the end of follow-up (Vf)” in terms of
improvement, stabilization, progression, or death. Improvement was defined as increased
forced vital capacity (FVC) ≥ 10% or diffusing capacity of the lungs for carbon monoxide
(DLCO) ≥ 15% and no radiological progression on the HRCT scan. Stabilization was
defined as maintenance or increase in FVC ≤ 10% or DLCO < 15% and no radiological
progression on the HRCT scan. Progression was defined as a decrease in FVC > 10%
or DLCO > 15% and radiologic progression on the HRCT scan. Similarly, radiologic
progression was considered an increase of ≥ 20% in the presence and extension of ground-
glass opacities, reticulation, honeycombing, diminished attenuation, centrilobular nodules,
other nodules, emphysema, and consolidation compared with the HRCT scan at V0.

The ILD patterns were defined according to the lung biopsy or HRCT according to
the standardized criteria of the American Thoracic Society/European Respiratory Society
International Multidisciplinary Consensus Classification of the Idiopathic Interstitial Pneu-
monias [32] and classified as nonspecific interstitial pneumonia (NSIP), usual interstitial
pneumonia (UIP), and other (bronchiolitis obliterans, organizing pneumonia, lymphoid
interstitial pneumonia, and mixed). PFT comprised complete spirometry expressed as a
percentage predicted and adjusted for age, sex, and height. A predicted FVC <80% was
considered abnormal. DLCO was evaluated using the single-breath method corrected
for hemoglobin (DLCO-SB) and was considered ab-normal when <80%. The conclusive
diagnosis of CTD-ILD was formulated in a multidisciplinary context after excluding in-
fections, drug toxicity, occupational exposure, smoking-related lung diseases, neoplasia,
and emphysema.
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Other variables included duration of symptoms, diagnostic delay, and smoking his-
tory (current or previous). We recorded infections, the hospitalization event, and causes of
hospitalization. As for medication, we recorded csDMARDs, targeted synthetic DMARDs,
bDMARDs, immunosuppressants, antifibrotic agents, and corticosteroids. We calculated
the time from diagnosis of CTD-ILD until initiation of rituximab. We also collected lab-
oratory values as follows: autoantibodies; rheumatoid factor (RF) (reference value (RV)
20 U/mL; high titer, > 60 U/mL), anticitrullinated peptide antibody (ACPA) (RV, 10 U/mL,
high titer > 340 U/mL), antinuclear antibody (ANA), anti-U1RNP (MCTD), anti-Scl70,
anti-RNA polymerase III, anti-PM-Scl (PM-Scl overlap), anti-Ro 52 kDa, anti-Ro 60 kDa,
anti-La, anti-aminoacyl-tRNA synthetase, anti-Mi-2, anti-SRP, anti-TIF1, anti-NXP-2/MJ,
anti-MDA5 (CADM), anti-HMGCR, and anti-SAE.

2.5. Statistical Analysis

We performed a descriptive analysis of the clinical, epidemiological, autoimmune, and
therapy-related characteristics of all patients with CTD-ILD receiving rituximab. Qualita-
tive variables were expressed as absolute numbers and percentages; quantitative variables
were expressed as mean and standard deviation (SD) or median and interquartile range
(IQR), depending on the normality of the distribution, as assessed using the Kolmogorov–
Smirnov test. The χ2 test and ANOVA or Kruskal–Wallis test were used depending on
normality to compare the main characteristics of the 3 groups of patients: (1) RA-ILD;
(2) SS-ILD; and (3) IM-ILD. The bivariate analysis was performed using a paired t test
or Wilcoxon test, as applicable, for V0-V12 and V0-Vf. We used Kaplan–Meier curves to
estimate survival for patients with CTD-ILD receiving rituximab. Survival was measured
from V0 until the end of follow-up (Vf) or death. Cox regression analysis was used to
identify prognostic factors from time to progression or death using a univariate model
and a multivariate model (forward stepwise). Dead patients without data for the terminal
event were managed using the last-observation-carried-forward method. All variables that
reached p < 0.10 were entered into the Cox multivariate model. Given an alpha risk of
0.05 and a beta risk of 0.2 in a bilateral contrast, the sample size calculation showed that
18 patients were necessary to detect an expected significant difference of FVC in 15.3 units
and 30 patients were necessary to detect an expected significant difference in 7.2 units of
DLCO for patients with CTD-ILD after 24 months of treatment with RTX [28]. We also
analyzed the number of infections and hospitalization. The analysis was performed using
the program R Commander.

3. Results
3.1. Baseline Clinical Characteristics

A total of 37 patients with CTD-ILD were treated with rituximab for a median (IQR)
of 38.2 (23.4–69.0) months. Figure 1 shows the progress of patients through the study. The
main baseline characteristics are shown in Table 1. Of the 37 patients included, 19 had RA
(51.4%), 14 had SS (37.8%), and 4 had IM (10.8%). No differences were detected between
the three subgroups for duration of treatment with rituximab (p = 0.291). Mean age was
63 years, and more than half of the patients were women (73%). At initiation of rituximab,
the median time from onset of ILD was 5.4 years. Almost half of the patients had been
smokers or were active smokers at inclusion. More than 90% of patients with RA were RF-
or ACPA-positive. The main findings in patients with SS were positive titers for anti-scl70
(50%) and anticentromere (21%); anti-PL-7 were the most frequent antibodies in patients
with MI (50%).
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Table 1. Baseline demographic and clinical characteristics of 37 patients with CTD-ILD receiving rituximab.

Variable Total
n = 37

RA
n = 19

SS
n = 14

IM
n = 4

p
Value

Epidemiological characteristics
Female sex, n (%) 27 (73.0) 13 (68.4) 11 (78.6) 3 (75.0) 0.806
Age in years, mean (SD) 62.8 (9.9) 67.7 (9.7) 57.9 (7.9) 56.6 (5.5) 0.001
Caucasian race, n (%) 36 (97.3) 19 (100.0) 13 (92.9) 4 (100.0) 0.430

Clinical–analytical characteristics
Smoking 0.147
Never smoked, n (%) 20 (54.1) 9 (47.4) 7 (50.0) 4 (100.0)
Smoked at some stage, n (%) 17 (45.9) 10 (52.6) 7 (50.0) 0 (0.0)
Duration of CTD, months, median (IQR) 107.8 (49.5–188.8) 151.0 (8.0–240.5) 89.6 (51.3–184.4) 35.1 (25.1–49.0) 0.017
Duration of ILD, months, median (IQR) 65.4 (31.1–110.3) 82.2 (37.4–120.1) 64.5 (35.5–107.1) 25.9 (25.0–36.0) 0.136
RF-positive (>10) n (%) 19 (51.4) 19 (100.0) 0 (0.0) 0 (0.0) <0.001
ACPA (<20), n (%) 18 (48.6) 18 (94.7) 0 (0.0) 0 (0.0) <0.001
ANA-positive, n (%) 24 (64.9) 6 (31.6) 14 (100.0) 4 (100.0) <0.001
Anti-scl70, n (%) 7 (18.9) 0 (0.0) 7 (50.0) 0 (0.0) <0.001
Anticentromere, n (%) 3 (9.0) 0 (0,0) 3 (21,4) 0 (0,0) 0.156
Anti-RNA polymerase 3, n (%) 1 (2.7) 0 (0.0) 1 (7.1) 0 (0.0) 0.430
Anti Ku, n (%) 1 (2.7) 0 (0.0) 1 (7.1) 0 (0.0) 0.430
Anti-PL7, n (%) 2 (5.4) 0 (0.0) 0 (0.0) 2 (50.0) <0.001
Anti-EJ, n (%) 1 (2.7) 0 (0.0) 0 (0.0) 1 (25.0) 0.014
Anti-TIF, n (%) 1 (2.7) 0 (0.0) 0 (0.0) 1 (25.0) 0.014

Treatment
Time to initiation of rituximab *, median (IRQ) 12.0 (6.5–48.2) 25.1 (7.0–57.6) 11.4 (3.9–43.6) 7.4 (7.0–10.4) 0.455
Duration of treatment with rituximab, median (IQR) ** 38.2 (23.4–69.9) 45.3 (22.2–79.9) 52.5 (24.7–63.3) 22.8 (17.7–36.2) 0.291
Combined with csDMARDs, n (%) 15 (40.5) 9 (47.4) 5 (35.7) 1 (25.0) 0.637
Methotrexate, n (%) 5 (13.5) 2 (10.5) 3 (21.4) 0 (0.0) 0.468
Leflunomide, n (%) 2 (5.4) 2 (10.5) 0 (0.0) 0 (0.0) 0.367
Sulfasalazine, n (%) 1 (2.7) 1 (5.3) 0 (0.0) 0 (0.0) 0.615
Hydroxychloroquine, n (%) 7 (18.9) 4 (21.1) 2 (14.3) 1 (25.0) 0.840
Combination with immunosuppressants, n (%) 20 (54.1) 7 (36.8) 9 (64.3) 4 (100.0) 0.044
Mycophenolate, n (%) 19 (51.4) 6 (31.6) 9 (64.3) 4 (100.0) 0.021
Azathioprine, n (%) 1 (2.7) 1 (5.3) 0 (0.0) 0 (0.0) 0.615
Corticosteroids, n (%) 25 (67.6) 14 (73.7) 7 (50.0) 4 (100.0) 0.121
Doses of corticosteroids, median (IQR) 5.0 (0.0–10.0) 5.0 (0.0–10.0) 2.5 (0.0–7.5) 10.0 (8.1–10.5) 0.519

Abbreviation: CTD: connective tissue disease; ILD: interstitial lung disease; RTX: rituximab; RA: rheumatoid
arthritis; IM: inflammatory myopathy; SS: systemic sclerosis; RF: rheumatoid factor; ACPA: anticitrullinated pep-
tide antibodies; ANA: antinuclear antibody; csDMARD: conventional synthetic disease-modifying antirheumatic
drug; SD: standard deviation; IQR: interquartile range; * Time from diagnosis of ILD to initiation of rituximab
** Time from initiation of treatment with rituximab to end of follow-up or mortality. Statistical tests used: Pearson
chi-squared (χ2), ANOVA, and Kruskal–Wallis.

At V0, 15 of the 37 patients (40.5%) were receiving a combination of rituximab and a
csDMARD, 20 (54.1%) were receiving a combination of rituximab and an immunosuppres-
sant, and 2 (5.4%) were receiving rituximab in monotherapy. Two patients with IM received
rituximab combined with mycophenolate mofetil and hydroxychloroquine, and one patient
with SS received rituximab combined with mycophenolate mofetil and methotrexate. More
than half of the patients were taking corticosteroids. There were no differences between
the subgroups of patients taking a combination with a csDMARD (p = 0.637). However,
more patients with SA and IM were taking immunosuppressants combined with rituximab
than those with RA (p = 0.044). The median (IQR) time from diagnosis of ILD to initia-
tion of rituximab was 12.0 (6.5–48.2) months, with no differences between the subgroups
(p = 0.455).

Before V0, 23 patients (62%) had received at least 1 csDMARD, 11 (29%) had received a
bDMARD, and 16 (43.2%) had received an immunosuppressant (Supplementary Table S1).
The median number of previous csDMARDS was higher in patients with RA than in those
with SS and MI (p < 0.001), as was the median number of previous bDMARDs (p = 0.001),
whereas that of previous immunosuppressants was higher in patients with SS (p = 0.033).

Almost half of the patients had the UIP radiological pattern (48.6%), and almost half
had the NSIP pattern (48.6%). Only one patient had a pattern compatible with fibrotic
NSIP (2.7%). By patient subgroup, the NSIP pattern was predominant in SS (71.4%) and IM
(100%), whereas the UIP pattern was more frequent in RA (73.7%).
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3.2. Clinical Course

Infection was recorded in 29 of the 37 patients (78.4%) during follow-up. These were
mostly respiratory (70.3%), and almost half of the patients (43.2%) were hospitalized at
least once. The most frequent reasons for hospitalization were respiratory infection (37.8%),
followed by progression of ILD (27.0%). No significant differences were detected between
the subgroups for infection (p = 0.985), hospitalization (p = 0.461), or mortality (p = 0.123)
(Table 2). Seven patients died (18.9%): four owing to progression of ILD and superinfection,
and three owing to progression of ILD. Supplementary Table S2 shows the duration of
follow-up, the treatment administered, and the cause of death.

Table 2. Clinical events in 37 patients with CTD-ILD receiving rituximab.

Variable Total
n = 37

RA
n = 19

SS
n = 14

IM
n = 4 p Value

Infections, n (%) 29 (78.4) 15 (78.9) 11 (78.6) 3 (75.0) 0.985
Respiratory infection, n (%) 26 (70.3) 13 (68.4) 10 (71.4) 3 (75.0) 0.959
Other infections, n (%) 10 (27.0) 5 (26.3) 4 (28.6) 1(25.0) 0.980
Herpes simplex labialis, n (%) 2 (5.4) 1 (5.2) 0 (0.0) 1 (25.0) 0.333
Cutaneous involvement, n (%) 5 (13.5) 2 (10.5) 3 (21.4) 0 (0.0) 0.401
Urinary tract infection, n (%) 5 (13.5) 3 (15.7) 1 (7.1) 1 (25.0) 0.560
Hospitalization, n (%) 16 (43.2) 10 (52.6) 5 (35.7) 1 (25.0) 0.461
Reasons for hospitalization 0.360

Progression of ILD, n (%) 10 (27.0) 7 (36.8) 3 (21.4) 0 (0.0)
Respiratory infection, n (%) 14 (37.8) 7 (36.8) 6 (42.8) 1 (25.0)

Mortality, n (%) 7 (18.9) 6 (31.6) 1 (7.1) 0 (0.0) 0.123
Abbreviations: CTD: connective tissue disease; ILD: interstitial lung disease; RA: rheumatoid arthritis; MI: in-
flammatory myopathy; SS: systemic sclerosis. Statistical tests used: Pearson chi-squared (χ2), ANOVA, and
Kruskal–Wallis.

In addition to the patients who died, only two patients discontinued rituximab perma-
nently during follow-up: one (RA patient) owing to superinfected skin ulcers that proved
refractory to antibiotics after 79 months with rituximab, and another (IM patient) owing to
urinary tract infection and recurrent herpes simplex labialis after 24 months with rituximab.

3.3. Pulmonary Outcomes

At the end of follow-up (see Table 3), the patients’ condition had improved or stabilized
in more than half of the cases (62.2%) and had worsened or was fatal in 37.8% of cases
(Table 2). There were no differences between the subgroups of patients treated with
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rituximab in terms of the primary endpoint of pulmonary outcome (p = 0.179). The median
(95% CI) survival until progression of ILD or death was 71.8 months (65.2–78.3) (Figure 2).

Table 3. Results of pulmonary function testing in 37 patients with CTD-ILD receiving rituximab.

Variable Total
n = 37

RA
n = 19

SS
n = 14

IM
n = 4 p Value

Outcome * 0.179
Improvement, n (%) Final 6 (16.2) 1 (5.3) 4 (28.6) 1 (25.0)
Stabilization, n (%) Final 17 (45.9) 9 (47.4) 5 (35.7) 3 (75.0)
Worsening, n (%) Final 7 (18.9) 3 (15.8) 4 (28.6) 0 (0.0)
Death, n (%) Final 7 (18.9) 6 (31.6) 1 (7.1) 0 (0.0)

Pulmonary function tests

FVC, mean (SD)
Baseline 72.2 (21.3) 69.1 (15.0) 71.6(21.7) 79.0 (15.0) 0.644

Final 70.8 (18.6) 67.4 (20.2) 70.7(25.2) 81.5 (10.0) 0.312

FVC < 80%, n (%)
Baseline 24 (64.9) 12 (63.2) 11 (78.6) 1 (25.0) 0.138

Final 25(67.6) 15 (78.9) 9 (64.3) 1 (25.0) 0.105

FEV1, mean (SD)
Baseline 73.0 (18.8) 69.8 (16.0) 76.9 (24.9) 76.2 (7.5) 0.570

Final 70.2 (18.7) 67.1 (19.9) 72.7 (19.7) 78.0 (8.0) 0.516

DLCO-SB, mean (SD)
Baseline 55.9 (15.7) 56.2 (17.7) 52.8 (15.6) 58.0 (5.0) 0.935

Final 52.2 (17.0) 53.8 (19.4) 48.3 (15.2) 57.1 (4.0) 0.577

HRCT pattern
Radiologic type 0.011

UIP, n (%)
Baseline 18 (48.6) 14 (73.7) 4 (28.6) 0 (0.0)

Final 18 (48.6) 14 (73.7) 4 (28.6) 0 (0.0)

NSIP, n (%)
Baseline 18 (48.6) 4 (21.1) 10 (71.4) 4 (100.0)

Final 18 (48.6) 4 (21.1) 10 (71.4) 4 (100.0)

Fibrotic NSIP, n (%)
Baseline 1 (2.7) 1 (5.3) 0 (0.0) 0 (0.0)

Final 1 (2.7) 1 (5.3) 0 (0.0) 0 (0.0)

Progress on HRCT 0.142
Progression, n (%) Final 14 (37.8) 9 (47.4) 5 (35.7) 0 (0.0)
Stabilization, n (%) Final 16 (43.2) 9 (47.4) 5 (35.7) 2 (50.0)
Improvement, n (%) Final 7 (18.9) 1 (5.3) 4 (28.6) 2 (50.0)

Abbreviations: CTD: connective tissue disease; ILD: interstitial lung disease; RA: rheumatoid arthritis; IM:
inflammatory myopathy; SS: systemic sclerosis; FVC: forced vital capacity; FEV1: forced expiratory volume in
the first second; DLCO: diffusing capacity of the lungs for carbon dioxide; UIP: usual interstitial pneumonia;
NSIP: nonspecific interstitial pneumonia; HRCT: high-resolution computed tomography; * Total progression of
ILD: taking into account HRCT and pulmonary function testing (FVC and DLCO). Statistical tests used: Pearson
chi-squared (χ2), ANOVA, Kruskal–Wallis, paired t test, and Wilcoxon test.
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Mean PFT values decreased significantly at the start of RTX compared to the date
of ILD diagnosis in FVC values (mean (SD), 72.2 (21.3) vs. 73.5 (16.9) mg/L; p = 0.040),
DLCO-SB (mean (SD), 55.9 (15.7) vs. 58.3 (16.1) mg/L; p = 0.041) and FEV1 (mean (SD),
73.0 (18.8) vs. 76.1 (18.1) mg/L; p = 0.034) (Supplementary Table S3). On the other hand,
mean PFT values did not decrease significantly during the first 12 months of treatment
with rituximab compared with baseline or the end of follow-up (Figure 3). Similarly, by
subgroup, no worsening was observed in the mean PFT values at 12 months or at the end
of follow-up (Table 3).
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HRCT revealed radiological progression in 14 of 37 patients (37.8%). Seven of 37
patients (18.9%) fulfilled the criteria for progression of ILD, and 7 of 37 patients (18.9%)
died. HRCT revealed no differences between the subgroups with respect to progression
(p = 0.142). Of the seven patients who died, six (31.6%) had RA and one (7.1%) had SS.

3.4. Factors Associated with Progression of ILD in Patients with CTD-ILD Treated with Rituximab

Supplementary Table S4 shows the results of the bivariate analysis between patients
with CTD-ILD treated with rituximab with and without progression of ILD. Both groups
were equivalent in terms of epidemiological, clinical, and radiological characteristics.
However, as compared with patients whose condition improved/stabilized, those whose
ILD progressed or who died from ILD had more chronic disease (median (IQR), 86.5
(51.9–130.8) vs. 54.9 (26.0–93.4) months; p = 0.046) and lower FVC values (mean (SD), 61.7
(14.7) vs. 75.5 (19.0) mg/L; p = 0.045) and DLCO-SB (mean (SD), 49.5 (13.3) vs. 59.8 (16.0)
mg/L; p = 0.036) at onset of ILD. They also started treatment with rituximab later (median
(IQR), 42.4 (14.2–84.6) vs. 7.4 (6.0–22.7) months; p = 0.016) and less frequently took the
combination of mycophenolate mofetil and rituximab (n (%), 4 (28.6) vs. 15 (65.2) mg/L;
p = 0.031).

Table 4 shows the results of the multivariate Cox analysis (DV: progression or death)
in 37 patients with CTD-ILD for a median (IQR) time in treatment with rituximab of 38.2
(23.4–69.0) months. The event progression or mortality was recorded in 14 of the 37 patients.
According to this model (Table 4), the best results were obtained in patients treated early
and with better baseline values in the diffusion tests. The multivariate analysis identified
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that the combination of rituximab and mycophenolate mofetil, and the DLCO value were
associated with reduced risk of progression of ILD in patients with CTD-ILD, whereas of
delay in the initiation of rituximab after the diagnosis of ILD was associated with a higher
probability of progression of lung disease (Table 4).

Table 4. Results of the multivariate analysis of progression of lung disease or mortality in patients with
CTD-ILD receiving rituximab. Cox regression model (adjusted for time of treatment with rituximab).

Variable Univariate HR
(95% CI)

Multivariate HR
(95% CI) p Value

Age in years 1.007 (0.94–1.06)
Sex, male 0.756 (0.21–2.72)
Current or previous history of smoking 2.074 (0.77–6.04)
Radiological pattern, UIP 1.200 (0.38–3.73)
Progression of ILD, months 1.001 (0.99–1.01)
Baseline FVC 0.956 (0.92–0.99)
Baseline DLCO-SB 0.949 (0.91–0.98) 0.904 (0.83–0.98) 0.015
Time to initiation of rituximab, months 1.010 (1.00–1.01) 1.011 (1.00–1.02) 0.029
csDMARDs 0.877 (0.29–2.57)
Combination with mycophenolate 0.252 (0.06–0.92) 0.202 (0.04–0.88) 0.034
Corticosteroids 0.667 (0.21–2.12)

Abbreviations. CTD: connective tissue disease; ILD: interstitial lung disease; UIP: usual interstitial pneumonia;
FVC: forced vital capacity; DLCO-SB: diffusing capacity of the lung for carbon monoxide, single-breath method;
csDMARDs (methotrexate, leflunomide, hydroxychloroquine, sulfasalazine): Independent variables included in
the equation: sex, age, baseline FVC, baseline DLCO-SB, time to initiation of rituximab, mycophenolate.

4. Discussion

We performed a prospective evaluation of lung function in 37 patients with CTD-ILD
receiving treatment with rituximab and found that after a median of 38 weeks’ follow-up,
ILD improved or stabilized in almost two-thirds of cases. Other studies have shown the
beneficial effect of rituximab in CTD-ILD [6,21,26–28].

A series of multicenter clinical studies from EUSTAR showed that rituximab can
stabilize and improve lung function in patients with SS-ILD [33] and in patients with
antisynthetase syndrome [28]. However, other authors reached contrasting conclusions,
especially with respect to the efficacy of rituximab in ILD associated with other CTDs,
and particularly with RA-ILD, given that survival in affected patients has been shown to
be lower than in other CTD-ILDs [34,35]. A recent study [15] showed that rituximab can
be effective as a rescue therapy in a considerable percentage of patients with progressive
RA-ILD that does not respond to standard treatment. In our study, these differences were
not statistically significant, despite the higher number of patients whose disease progressed
or who died among those with RA treated with rituximab.

As for lung function evaluated using PFT, we found that disease had stabilized after
12 months in all the subgroups of CTD-ILD treated with rituximab and that it remained
stable until the end of follow-up. These results agree with those of a recent meta-analysis,
in which rituximab was superior to other immunosuppressants for the stabilization or
improvement of FVC and DLCO in patients with CTD-ILD [28,36]. In our study, HRCT
also revealed radiological stabilization/improvement in almost two-thirds of patients; this
was the same for both the UIP and NSIP patterns. Consequently, rituximab might be able to
curb progression of both patterns in a large percentage of patients with CTD-ILD. Similar
findings have been reported elsewhere [6,37].

However, more than one-third of the patients in our study progressed poorly (ILD
worsened in 18.9% and a similar percentage died). The factors associated with progression
and mortality included poor baseline DLCO. In their cohort of patients with RA-ILD treated
with rituximab for more than 10 years, Md Yusof et al. found that DLCO < 46% before initi-
ation of rituximab was associated with progression of ILD. This finding points to the need
for close follow-up of affected patients at initiation of rituximab. The authors recommend
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that if the patient’s condition continues to deteriorate, then alternative treatments, such as
cyclophosphamide, antifibrotic agents, and lung transplant, should be considered [6].

Of note, we found that the combination of rituximab with mycophenolate mofetil
reduced the risk of progression of ILD and death at the end of follow-up by 80%. Mycophe-
nolate mofetil has proven effective for the treatment of ILD in patients with SS [38–43],
although also in those with other CTDs [44,45]. Similarly, studies published in recent years
show that combining rituximab with mycophenolate mofetil is well tolerated, safe, and
potentially effective for the treatment of lung involvement in patients with SS-ILD [46,47].
It seems that the action of mycophenolate, mainly on T cells, and that of rituximab, on
B cells, could exert an additive effect on the control of the immune response in affected
patients. To this end, the ongoing clinical trial EvER-ILD (NCT02990286) aims to compare
mycophenolate in monotherapy with the combination of mycophenolate and rituximab in
patients with SS-ILD whose first-line immunosuppressants failed [48]. While awaiting the
results of this trial, we can use data from observational studies to improve the therapeutic
management of these patients.

In our study, the delay in initiating treatment with rituximab after diagnosis of ILD
was more frequently associated with progression/mortality. These differences may arise
because patients in whom initiation of rituximab was delayed are those whose previous
immunosuppressive therapy failed and who therefore progressed more poorly. However,
as shown in a recent meta-analysis, rituximab is more effective for improving or stabilizing
FVC and has a better safety profile in patients with CTD-ILD than standard treatment
with immunosuppressants. However, given its high cost, rituximab is not considered a
replacement for standard treatment as the first option; therefore, rituximab may be a better
option for patients who do not respond to standard treatment or who experience adverse
effects [36].

As for the safety profile of rituximab, we found that infections were frequent and
that, together with progression of ILD, were the cause of most deaths. However, only
two patients discontinued rituximab permanently. Other studies in patients with CTD-
ILD treated with rituximab recorded infections similar to those we report and found that
these were the cause of most deaths [49,50]. However, the total number of infections
and the mortality were similar to those of patients with CTD-ILD who did not receive
rituximab [6]. The clinical course of ILD can be complicated by a variety of events, including
infection caused by various respiratory pathogens, including bacteria, fungi, viruses, and
mycobacteria. Despite the improvement in public health measures and antituberculous
chemotherapy, pulmonary tuberculosis remains a common disease worldwide, particularly
in developing countries. Latent tuberculosis can be reactivated and cause disease in patients
under corticosteroid and/or immunosuppressive treatment. For this reason, before starting
biological treatment, it is necessary to complete the active tuberculosis treatment [51].

Our study is subject to a series of limitations. First, the fact that the study was multicen-
ter could lead to differences in the evaluation of lung function. We mitigated this limitation
using centralized HRCT, since the radiological results were available online. Furthermore,
the prospective design ensured low frequencies of missing data. Second, basing the study
on various CTDs with different pathogenic mechanisms, disease duration, and associated
treatment made for a more heterogeneous sample, thus hampering the identification of
the effect of treatment and predictors of response. However, our prospective evaluation of
these same subgroups enabled us to determine not only the progress of all the CTD-ILDs
included, but also that of each group individually. On the other hand, the comedication
(DMARDs) differed between diseases and was not controlled by study design. This is
due to the fact that, in clinical practice, patients with RA have a predominance of joint
involvement, which means that these patients receive more DMARDs than the other groups.
However, we were able to fulfill the main objective of the study, which was to report on
the efficacy and safety profile of rituximab in different CTD-ILDs, showing the results in
each of them separately. Lastly, despite there being no differences between the subgroups
of patients treated with rituximab in terms of the primary endpoint of pulmonary outcome
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(p = 0.179), there was a greater number of patients with SS who presented progression
compared to RA and IM [15,52]. However, the low number of cases included may not be
sufficient to reveal significant differences between the groups, despite most studies to date
being based on small retrospective observational studies. Clinical trials with larger patient
samples are necessary to generate more evidence.

5. Conclusions

In conclusion, we found that lung function stabilized or improved after a median of 38
months of follow-up in more than half of patients with CTD-ILD receiving rituximab. No
increases in the frequency of infection were recorded. Combination with mycophenolate
could reduce the risk of progression of ILD and death by 80%. The delay in initiating
treatment with rituximab and lower DLCO values were the main factors associated with
progression of ILD and death. Therefore, patients should be followed closely, and other
types of treatment (e.g., cyclophosphamide, antifibrotic agents, and lung transplant) should
be considered.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm11040927/s1. Table S1: Previous treatment in 37 patients with
CTD-ILD receiving rituximab. Table S2: Characteristics of patients with CTD-ILD receiving treatment
with rituximab who died. Table S3: Pulmonary function results at ILD diagnosis and at baseline
in patients with CTD-ILD. Table S4: Factors associated with pulmonary outcomes in patients with
CTD-ILD receiving rituximab.
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