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This narrative review examines the therapeutic potential of rituximab, a monoclonal
antibody targeting CD20 antigens, for treating connective tissue disease-associated
interstitial lung disease. It outlines how rituximab offers a promising therapeutic
option, particularly for patients who exhibit limited responses to standard therapies
like glucocorticoids and immunosuppressive agents. Rituximab’s mechanism of
action, involving B lymphocyte depletion, contributes to attenuated inflammation
and may slow pulmonary fibrosis progression. The article synthesizes findings from
studies assessing rituximab’s effects on lung function, clinical outcomes, and safety
across distinct subtypes of connective tissue disease. It also discusses differential
treatment responses based on disease characteristics and pathological subtypes,
noting evidence that rituximab may be more effective as an initial treatment in
some cases, though further investigation into long-term efficacy remains essential.
Despite some associated risks, particularly infections, rituximab generally presents a
favorable safety profile compared with conventional immunosuppressive therapies.
Future research directions include optimizing dosing protocols, treatment intervals,
and patient selection criteria, with emphasis on conducting rigorous, long-term
randomized controlled trials to more definitively establish rituximab'’s role in
managing interstitial lung disease in the context of connective tissue diseases.
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1 Introduction

Connective tissue disease-related interstitial lung disease (CTD-ILD) encompasses
a group of autoimmune disorders, occurring in various types of connective tissue
diseases (CTD), such as rheumatoid arthritis (RA), primary Sjogren’s syndrome (pSS),
systemic sclerosis (SSc), anti-synthetase syndrome (ASS), and systemic lupus
erythematosus (SLE). These diseases exhibit varying levels of pulmonary interstitial
inflammation and fibrosis (1). Patients initially may experience symptoms such as
dyspnea and cough. As the disease progresses and lung function deteriorates, respiratory
failure and even death may ensue. ILD is a heterogeneous group of diseases that differ
in etiology, clinical manifestations, radiographic and pathological features, disease
progression, and response to treatment (2). However, aberrant immune system activation
and sustained inflammatory responses characterize the primary pathological processes
(3). Currently, there is no unified standard for treating CTD-ILD. The traditional
approach is to treat patients with a combination of glucocorticoids (GC) and
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immunosuppressive agents. Commonly used immunosuppressive
agents include cyclophosphamide (CYC), mycophenolate mofetil
(MMF), and azathioprine (AZA). However, some patients may not
respond favorably to this treatment or experience significant
adverse effects. Rituximab (RTX), as a monoclonal antibody
targeting CD20 antigens, can deplete B lymphocytes (B cells) and
inhibit aberrant immune system activation. RT'X has been widely
used in the treatment of RA, SSc, and other rheumatic diseases
(4). Recently, it has also been explored for treating CTD-ILD, with
several large-scale clinical trials completed (5-25). This narrative
review aims to comprehensively assess the existing literature on
RTX’s efficacy and safety in treating CTD-ILD and briefly describe
the role of B cells, as target cells of rituximab, in the development
of CTD-ILD. It will focus on three key areas: the impact of RTX
on lung function in different CTD types, its safety profile, and the
potential factors that may influence the efficacy of RTX. Finally,
it will offer insights into RTX’s prospects in treating CTD-ILD.

2 Methods

We conducted a comprehensive literature search of the PubMed
(MEDLINE) database for terms “Rituximab;,” “interstitial lung
disease,” “interstitial pneumonia,” “lung fibrosis,” “rheumatoid

» «

arthritis,

» «

systemic sclerosis,

» <«

primary Sjogren syndrome,” “systemic
Lupus erythematosus,” “anti-synthetase syndrome,” and “connective
tissue diseases,” using the Boolean operator of AND or OR. The
majority of the included articles were published in peer-reviewed
journals within the last 5 years, and the types of articles included
clinical trials, observational studies, and case reports. At the same
time, all citations and cited articles of the article were fully searched
and analyzed (23).
Key articles of RTX in CTD-ILD are summarized in Table 1.

3 The role of B cells in CTD-ILD

B cells play a pivotal role in the pathogenesis of CTD-ILD. Their
involvement is mediated through four primary mechanisms:
antibody production, antigen presentation, cytokine secretion, and
collaboration with other immune cells. In SSc and SLE-related ILD,
patients often present with elevated self-antibody levels, including
anticentromere and antinuclear antibodies, as well as other
antibodies. These antibodies bind to antigens, forming immune
complexes that accumulate in the lungs, triggering complement
activation and inflammatory responses, ultimately damaging lung
tissue. Research has demonstrated that in CTD, the presence of high
levels of self-antibodies in ILD patients’ lung lavage fluid indicates
that B cells play a pivotal role in the development of CTD (26-28). B
cells, acting as antigen-presenting cells, interact with T cells, thereby
stimulating the activation of CD4 + regulatory T cells(Th1,Th17),
which secrete pro-inflammatory cytokines, further exacerbating lung
damage. Additionally, they can activate fibroblast cells, contributing
to fibrosis progression (29). B cells also secrete a range of
pro-inflammatory and anti-inflammatory cytokines, including IL-10,
IL-35, TGF-f, IL-6, INF-y, GM-CSE, etc. Of particular significance in
the context of pulmonary fibrosis are TNF-q, IL-6, and TGF-p, which
have been identified as critical mediators in the initiation and
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maintenance of lung fibrosis. They induce the activation of
myofibroblast and excessive deposition of extracellular matrix,
ultimately leading to irreversible pulmonary fibrosis (30, 31).

B cell depletion therapy targets specific receptors on the surface
of B cells, particularly CD20, thereby removing or inhibiting
abnormally active B cells, reducing the production of autoantibodies,
and attenuating the immune response, ultimately effectively
inhibiting fibrosis. Rituximab is one of the commonly used B cell
depletion drugs (32). SSc has been the focus of numerous studies on
the role of immunosuppressive agents and the use of RTX in treating
ILD. Research findings indicate that B cells with high affinity for
topoisomerase I (topo I) produce pro-inflammatory factors,
including IL-6 and IL-23, and induce pro-inflammatory Th17
polarization. This, in turn, promotes the development of lung
fibrosis. The level of B cells with high affinity for topo I in SSc is
closely correlated with the severity of the disease. RTX slows
progression of pulmonary fibrosis by depleting these B cells and
restoring immune system balance. In addition, in a mouse model of
bleomycin-induced SSc, B cells promote the differentiation of
macrophages towards a pro-fibrotic M2-type. This process can
be inhibited through B cell depletion, thereby attenuating lung
fibrosis. In addition to RTX, other therapies targeting B cells, such
as ibrutinib and CAR-T cell therapy, have demonstrated potential in
treating CTD-ILD. Ibrutinib, a bruton tyrosine kinase (BTK)
inhibitor, interferes with B cells signaling, inhibits B cells activation,
and reduces fibrosis. CAR-T cell therapy reduces fibrosis by targeting
CD19 or B cell receptorto (BCR) remove overactive B cells directly
(33). B cell depletion provides additional therapeutic options for the
treatment of CTD-ILD.

4 Rituximab in the treatment of
CTD-ILD

4.1 RA-ILD

ILD is a common cause of mortality in RA, accounting for
10-30% of cases (34). It is the second most prevalent cause of death in
RA patients after cardiovascular factors. The one-year and five-year
mortality rates for RA-ILD have been reported to be 13.9% and 39%
(35), respectively. UIP and NSIP are the most prevalent pathological
subtypes of RA-ILD, and the disease often manifests insidiously. It can
be observed that the disease can manifest at any stage of the RA
disease process or concurrently with RA. Currently, there is no unified
standard of care. The most commonly used treatments are
glucocorticoids and (or) immunosuppressive agents (such as MMEF,
AZA, and CYC). Prior studies indicated that methotrexate (MTX) and
leflunomide (LEF) should be avoided due to their pulmonary toxicity
(36). However, recent mainstream studies have demonstrated that
methotrexate use does not increase the risk of RA-ILD development
and progression. Instead, methotrexate use may offer a protective
effect against RA-ILD development (37, 38).

The findings of Javier Narvdez et al. (5) indicate that RTX is
effective in treating refractory and progressive RA-ILD. There were
significant improvements in pulmonary function test (PFT)
compared to baseline, with an absolute change of +8.06% in FVC%
(95% CI: —=10.9 to —5.2; p < 0.001) and +12.7% in DLCO% (95%
CIL: —16.3 to —9.1; p < 0.001). Additionally, It was found that there
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TABLE 1 Key articles of RTX in CTD-ILD.

10.3389/fmed.2025.1555442

References = Study type Sample size RTX dosage Follow-up Lung function Serious
duration stability or adverse
improvement events
RA-ILD
Narvaez et al. (5) Longitudinal retrospective 31 1g, Day1and 12 months Yes Yes
observational study Day 15
Matson et al. (6) Multisite retrospective cohort 43 RTX /92 AZA |77 1g, Day 1 and 12 months Yes No
study MMF Day 15
Yusof et al. (7) Single-center retrospective 56 1g,Day 1and 12 months Yes Yes
observational study Day 14
Mankikian et al. Multicenter, double-blind, 3 (included in other CTD- | 1g, Day 1 and 6 months Yes No
(8) randomized, placebo- ILD patients) Day 15
controlled, phase III trial
pSS-ILD
Kesireddy et al. Case report - 1g, Day 1 and 1 months Symptoms improved, -
9) Day 14 no need for oxygen
Chen et al. (10) Retrospective cohort study 10 1g, Day1and 6 months Yes No
Day 14
Manikuppam Retrospective cohort study 2 1g, Day1and 6 months / Stable at 6 months / Yes
etal. (11) Day 14 12 months Worsened at 12 months
SSc-ILD
Sircar et al. (12) Open-label, randomized, 30 RTX /30 CYC 1g, Day 0 and 6 months Yes Yes
controlled trial Day 15
Mabher et al. (13) Double-blind, double-dummy, 37 (included in other 1g,Day 1 and 24 weeks / Yes No
randomised, controlled, phase CTD-ILD patients) Day 14 48 weeks
IIb trial
Narvaez etal. (14) = Longitudinal retrospective 24 1g,Day 1and 1 year / 2 years Yes Yes
observational study Day 15
Lepri et al. (15) Retrospective multicenter 23 (included in other - 1 year / 2 years Yes Yes
cohort study CTD-ILD patients)
Ebata et al. (16) Open-label extension of a 28 RTX /26 non-RTX 375 mg/m? once | 24 weeks Yes No
double-blind, investigators- per week for 4
initiated, randomized, placebo- consecutive
controlled trial weeks
ASS-ILD
Sem et al. (17) Retrospective case series 11 1g, Day 0 and 3-6 months Yes Yes
Day 14 / 700 mg,
Day 0 and Day
14 /375 mg/m?,
once per week
for 4 consecutive
weeks
Doyle et al. (18) Multicenter retrospective 25 - 1 year / 2 years / Yes Yes
cohort study 3 years
Allenbach et al. Open-label, single-arm, phase 10 1 g, Day 0, Day 6 months / Yes No
(19) 1I clinical 15, and Month 6 12 months
SLE-ILD
Lim et al. (20) Case report - 375 mg/m? once | 3 months Yes -
per week for 4
consecutive
weeks
(Continued)
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TABLE 1 (Continued)

10.3389/fmed.2025.1555442

References  Study type Sample size RTX dosage Follow-up Lung function Serious
duration stability or adverse
improvement events

Keir et al. (21) Retrospective cohort study 1 (included in other CTD- | 1g, Day 0 and 6-12 months Yes Yes
ILD patients) Day 14

Robles-Perez etal. | Retrospective observational 4 (included in other CTD- | 1g, Day 0 and 1 year / 2 years Yes No

(22) study ILD patients) Day 14 every

6 months
RTX+NTB in CTD-ILD
Boutel et al. (23) Retrospective observational 1 RTX + NTB (included in | - 10 months Yes Yes
study other patients treated with (gastrointestinal

immunosuppressives and events)
NTB)

Mistircr et al. (24) Multicenter retrospective study | 18 RTX + NTB (included - 6 months / Yes No
in other patients treated 12 months /
with immunosuppressives 18 months
and NTB)

Ushio et al. (25) Retrospective cohort study 6 RTX + NTB (included in | - 8 months Yes Yes
other patients treated with (gastrointestinal
immunosuppressives and events)
NTB) / 15 NTB (non-IS)

CTD-ILD, Connective Tissue Disease-Associated Interstitial Lung Disease; RA-ILD, Rheumatoid Arthritis-Associated Interstitial Lung Disease; pSS-ILD, Primary Sjogren’s Syndrome-
Associated Interstitial Lung Disease; SSc-ILD, Systemic Sclerosis-Associated Interstitial Lung Disease; ASS-ILD, Antisynthetase syndrome-associated interstitial lung disease; SLE-ILD,
Systemic Lupus Erythematosus-Associated Interstitial Lung Disease; RTX, Rituximab; AZA, Azathioprine; MME, Mycophenolate mofetil; CYC, Cyclophosphamide; NTB, Nintedanib.

was no significant difference in PFT improvement between the UIP
and non-UIP groups after treatment. At the end of the follow-up
period, 32% of patients experienced adverse reactions, primarily
involving respiratory and urinary tract infections and low serum
levels of IgG (5). RTX not only proved effective in treating RA-ILD
as a salvage therapy (5) after initial treatment failure but also
demonstrated efficacy when used as the initial treatment (6).
Matson et al. (6) reported using rituximab for RA-ILD in a
multicenter retrospective cohort study. The impact of initial
treatment on PFT was evaluated in a cohort of 212 patients who
received either AZA, MME, or RTX. At 12 months post-treatment,
all patients exhibited significant improvements in FVC% (3.90%;
P <0.001;95% CI, 1.95-5.84) and DLCO% (4.53%; p < 0.001; 95%
CI, 2.12-6. 94), with RTX treatment resulting in a more remarkable
improvement in DLCO% than AZA and MMF treatment. The
incidence of adverse events leading to treatment cessation was also
lower in the RTX group than in the AZA and MMF groups (1.3%
vs. 13% vs. 3.9%). Furthermore, subgroup analysis revealed that
the UIP pattern did not influence the efficacy of RTX treatment in
the RTX group or the other two groups (6). Md Yuzaiful et al. (7)
noted that patients with RA-ILD who received RTX treatment
exhibited stabilization or improvement of PFT. However, patients
with UIP patterns demonstrated inferior treatment responses, with
more progression of ILD and a poorer prognosis. Conversely,
patients with NSIP patterns exhibited superior treatment responses
and outcomes. Among the 56 patients who received RTX treatment,
nine patients exhibited severe progression of ILD, which may
be attributed to their lower DLCO% (median 41%) prior to
treatment or UIP patterns, and 12 patients exhibited severe
infection, with 5 of these patients concurrently receiving
glucocorticoid therapy. Through survival analysis, it was
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determined that UIP, a history of prior ILD progression, and
pretreatment DLCO% levels below 46% could effectively predict
the progression of ILD post-treatment (p =0.02, p=0.001,
p =0.001). Given these findings, the researchers concluded that
RTX remained a promising option. The safety profile is satisfactory
(7). Currently, no RCT has been conducted specifically to evaluate
the efficacy and safety of RTX in treating RA-ILD. Mankikian et al.
(8) published a Phase III clinical trial that included three cases of
RA-ILD, and all three cases were diagnosed with NSIP. The trial’s
objective was to assess the efficacy and safety of RTX in
combination with MME. The results demonstrated that patients
with RA-ILD who received combined treatment exhibited better
preservation of lung function and improved survival rates
compared to those who received MMF alone. There were no severe
adverse reactions observed (8).

The findings above suggest that whether used as initial therapy
or as a salvage treatment following the failure of the initial therapy,
RTX has a positive effect on PFT in RA-ILD patients (5, 6). The
incidence of adverse reactions during treatment varies between the
studies, but the results still demonstrate a favorable safety profile
(5-8). However, the specific pathological subtype may influence the
response to RTX and its safety profile (5-7). The studies by Scott
M. Matson, MD, and Javier Narvaez, among others, suggest that there
was no difference in response to treatment between UIP and non-UIP
modes. Md Yusof and colleagues observed that the prognosis of the
UIP pattern is worse after treatment, and they also point out that it
may be related to the fact that UIP itself is a risk factor for ILD
progression. Furthermore, combining RTX with traditional
immunosuppressive agents demonstrated superior efficacy compared
to monotherapy with immunosuppressive agents alone. Future
studies should investigate the differential treatment responses to RTX
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in different RA-ILD subtypes to address the remaining controversies
and identify the optimal timing for RTX use.

4.2 pSS-ILD

pSS-ILD has a latent onset and a slow progression. Its prevalence
in pSS populations is 9-20% (39). The prognosis is unfavorable, with
a higher mortality rate and a 10-year survival rate of 81.7%. Of these
patients, 67% die from respiratory failure (40). NSIP is the most
common pathological subtypes, others are UIP, OP, and LIP. The
traditional treatment drugs are glucocorticoids and (or)
immunosuppressive agents (e.g., AZA, CYC, and MMF).

Kesireddy, Nithin MD et al. reported a case of pSS-ILD treated
with RTX. The patient in question displayed HRCT characteristics
indicative of OP mode. Following the failure of GC + MMF as a
first-line treatment, GC + RTX was initiated. After 2 weeks,
mechanical ventilation was discontinued, and 1 month later, the
patient exhibited a notable improvement in symptoms, obviating
the need for oxygen therapy. This case report suggests that RTX may
serve as a viable salvage therapy for refractory pSS-ILD (9). A
retrospective cohort study by Chen et al. on the efficacy of RTX in
10 pSS-ILD patients revealed that 6 months after treatment, DLCO,
DLCO/alveolar volume, and VAS scores showed significant
improvement compared to baseline. However, FVC% remained
unchanged. Although HRCT scores declined compared to the
pretreatment period, the change was not statistically significant.
During the follow-up period, only one subject in the experimental
group was hospitalized due to pneumonia, and no serious adverse
events were reported. The results of this study showed that RTX
could safely and effectively improve the clinical symptoms and PFT
of pSS-ILD, and stabilize the HRCT score (10). The study above
demonstrated that RTX treatment for pSS-ILD patients exhibited
superior short-term efficacy (9, 10). However, Manikuppam et al.
(11) mentioned that in the context of MMF therapy, patients who
are added RTX due to progression of pSS-ILD reached a stable
condition at 6 months of follow-up, but at the one-year mark, there
was an exacerbation of ILD, and the clinical symptoms remained
stable again after increasing the dose of MMF. Additionally, the
study identified patients exhibiting an NSIP pattern often own a
better treatment response, only one patient succumbed to
bacteremia, and no significant adverse reactions were observed in
the remaining patients. This outcome may be attributed to
administering co-trimoxazole and vaccines prior to treatment (11).
Currently, NSIP and OP demonstrate more favorable treatment
outcomes. However, further extended follow-up periods are
necessary to monitor RTX’s long-term efficacy and assess the
optimal combination of immunosuppressive agents, such as MMF,
for more effective treatment (9-11).

The studies above suggest that RTX may be a viable option for
treating refractory pSS-ILD (9). Using RTX in monotherapy or
combination with MMF has been shown to have favorable outcomes
regarding clinical symptoms, PFTs, and HRCT scores (11). However,
it is essential to monitor the long-term efficacy of this treatment.
RTX has been observed to have an improved safety profile, which
may be attributed to the preventive measures taken prior to
treatment (11). Additionally, the different pathological subtypes of
interstitial lung disease may respond differently to RTX (9, 11). The
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efficacy of RTX in UIP patterns remains uncertain and requires
further evidence.

4.3 SSc-ILD

SSc-ILD represents the most common cause of mortality in SSc
patients. NSIP is the most prevalent pathological subtype, followed by
OP and UIP. Approximately 50-80% of patients present with
concomitant ILD (41). Patients with diffuse cutaneous systemic
sclerosis (dcSSc) exhibit a higher risk of developing ILD, which can
be identified at an early stage of the disease and subsequently
progresses to pulmonary fibrosis, ultimately leading to respiratory
failure. Because the use of GC has been associated with the renal crisis,
immunosuppressive agents are often used in current practice (42).

In an open-label randomized controlled trial, Geetabali Sircar and
colleagues compared the efficacy and safety of intravenous CYC and
RTX in the early treatment of diffuse cutaneous systemic sclerosis-
related interstitial lung disease. The trial included 60 patients
randomly assigned to receive cyclophosphamide (500 mg/m?, every
4 weeks) and rituximab (1,000 mg, DO and D15). Six months later, a
more pronounced improvement in FVC % and modified Rodnan skin
score (mRSS) was noted in the RTX group compared to the CYC
group (RTX group FVC % increased from 61.3% to 67.52%, while the
CYC group FVC % decreased from 59.25% to 58.06%, p = 0.03. RTX
group mRSS scores decreased from 21.77 to 12.10, while the CYC
group decreased from 23.83 to 18.33, p = 0.01). Additionally, the
incidence of severe adverse reactions was significantly lower in the
RTX group (30%) compared to the CYC group (70%). This findings
suggest that RTX may be the preferred option over CYC in treating
early diffuse cutaneous systemic sclerosis-related interstitial lung
disease, offering a safe and effective treatment protocol (12). In a
recent double-blind, double-placebo, randomized controlled, phase
IIb clinical trial published by Toby M. Maher et al., 37 patients with
severe or rapidly progressive SSc-ILD were included and randomized
to receive CYC (600 mg/m?, every 4 weeks) and RTX (1,000 mg, D1
and D14). At the 24 week follow-up, the FVC increased significantly
in the CYC and RTX groups compared to the baseline. However, the
difference between the two groups was not statistically significant
(p = 0.49). Gastrointestinal and respiratory disorders were the most
common adverse events during treatment in both groups. However,
adverse events, including serious ones, occurred more frequently in
the CYC group than in the RTX group. Notably, during the treatment
period, the RTX group received a lower daily GC dosage (37.6 mg vs.
42.9 mg), suggesting that the probability of renal crisis due to elevated
GC use was diminished. While RTX did not demonstrate a statistically
significant difference compared to CYC in terms of the primary
endpoint of change in FVC, it exhibited notable benefits, including a
reduction in adverse events, and a decrease in GC use. Consequently,
RTX may be regarded as a potential alternative treatment option for
the management of severe or rapidly progressive CTD-ILD (13).
Similarly, a favorable outcome was also reported by Javier Narvéez
and et al. (14) whereby the addition of rituximab to a regimen of
MMEF was found to be efficacious in patients with progressive SSc-ILD
who had previously responded inadequately to MMF monotherapy.
In these patients, there was a significant improvement in FVC% and
DLCO% at the 1-year and 2-year follow-ups. Subgroup analysis
revealed that the improvement was limited to patients with non-UIP
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lung disease patterns, while no statistically significant difference was
observed in UIP patients. The incidence of this adverse event was
37.5%, with most cases presenting as infection or low IgG levels.
However, only 12.5% of patients discontinued treatment due to severe
infection (14). In contrast, in a retrospective study, Lepri et al. (15)
reported on 23 SSc-ILD patients treated with rituximab. One-year
follow-up revealed an improvement in FVC%, though this was not
statistically significant. At the two-year mark, there was a decline in
FVC% (15). In the DESIRES study, a multicenter RCT that included
54 patients with mRSS>10 and expected survival of >6 months,
randomization was performed to assign them to either receive
375 mg/m” of rituximab or a placebo. The treatment was administered
once a week for 4 weeks, and the patients were followed up for
24 weeks. The results demonstrated that the RTX group exhibited a
significantly lower mRSS score than the placebo group (mean
difference: —8.44). The mean change in FVC% from baseline to
24 weeks was 0.68 (95% CI: —11.0 to —0.36) in the RTX group and
—5.88 (95% CI: —8.76 to —3.00) in the placebo group, with a
statistically significant difference (p < 0.0001). In the RTX group,
FVC% increased from week 12 to week 24, while in the placebo group,
it continued to decline, with a statistically significant difference
(p = 0.044). This effect was more pronounced in patients with diffuse
cutaneous systemic sclerosis-related interstitial lung disease than
those with limited cutaneous systemic sclerosis-related interstitial
lung disease. The two groups exhibited similar adverse effects during
and after treatment, primarily mild infection, with minimal severe
adverse reactions. This findings suggest that rituximab is highly
effective in improving skin sclerosis in SSc patients and can potentially
stabilize lung function in SSc-ILD patients. This suggests that
rituximab may be a promising therapeutic option for treating
SSc-ILD (16).

The studies above indicate that RTX positively impacts the
progression of early-stage or progressive SSc-ILD (12, 14). The
beneficial effects on skin symptoms and lung function were notable,
particularly in non-UIP patterns and diffuse cutaneous systemic
sclerosis-associated interstitial lung disease (16). The findings of Lepri
et al. (15) indicated that RTX did not significantly enhance lung
function, there was a deterioration in lung function during the second
year of treatment. Therefore, further investigation is required to
ascertain the efficacy and safety of RTX in treating different subtypes
of SSc-ILD.

4.4 ASS-ILD

ASS is a subtype of idiopathic inflammatory myopathy
characterized by the production of anti-synthetase antibodies (such as
anti-Jo-1, PL-7, PL-12, EJ, and OJ). It presents clinically with myositis,
polyarthritis, Raynauds phenomenon, scleroderma, and ILD
syndrome. Compared to Polymyositis/ Dermatomyositis, ASS is more
frequently associated with ILD. NSIP is the most common pathological
subtype (43). The current standard of care is a combination of
glucocorticoids and (or) immunosuppressive agents.

The results of Marthe Sem’s research indicate that RTX improved
or stabilized PFT in seven of 11 refractory, severe ASS-ILD patients
over a three-to-six-month period. Additionally, five of the patients
showed a reduction in ground-glass opacities on HRCT scans. During
the follow-up period, one patient died in pneumocystis jirovecii
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pneumonia (PJP), else did not experience severe adverse reactions.
This study demonstrated that RTX could be an effective and safe
alternative treatment for severe progressive ASS-ILD in the short term
(17). In a multicenter retrospective study, Tracy J. Doyle et al. reported
that RTX was a salvage treatment for 21 refractory ASS-ILD cases and
an initial treatment for 4 ASS-ILD cases. In the first year of follow-up,
most patients showed improved DLCO%. The percentage of FVC%
and DLCO% remained stable or improved, with a significant increase
in the percentage of FVC observed in the second and third years of
follow-up. This findings indicate that RTX can demonstrate favorable
long-term efficacy when used as a salvage or initial treatment for
ASS-ILD. Additionally, patients who received continuous and regular
RTX treatment (one cycle every six months) demonstrated superior
improvements in PFT and HRCT compared to those who received a
single cycle of treatment or no regular medication. This suggests that
the duration of treatment and the interval between cycles influence
the efficacy of RTX. The main complications observed during RTX
treatment were infections, including pneumonia, influenza, urinary
tract infections, and cellulitis (18). In a phase II clinical trial
investigating the efficacy of RTX in 10 cases of refractory ASS-ILD,
five patients exhibited improved PFTs (50%, 95% CI: 1-95%) after
receiving 1,000 mg of RTX(DO0, D15, M6). Four patients exhibited
stability, while one exhibited deterioration. The researcher indicated
that only two patients demonstrated improvement in DLCO,
suggesting that the observed improvement in PFT may be attributed
to muscle strength rather than ILD. No adverse events were observed
during treatment (19).

These findings suggest that RTX may be an effective intervention
for both salvage and initial treatment of ASS-ILD, demonstrating
improved short-term and long-term efficacy while maintaining safety.
Apart from infection, no other serious adverse events were observed
(17, 18). However, Yves and colleagues have suggested that muscle
strength gains may influence the improvement in PFT results
following RTX treatment (19). Furthermore, Tracy J. Doyle and
colleagues have demonstrated that patients receiving different
treatment regimens and varying intervals between doses exhibit
varying treatment outcomes (18). Currently, the majority of research
findings are derived from retrospective studies. To investigate the
efficacy and safety of RTX further, as well as the optimal dosage and
interval, prospective, randomized controlled trials are needed.

4.5 SLE-ILD

It is relatively uncommon for SLE to be combined with ILD, with
an incidence rate of 1-15% (44). The most prevalent pathological
subtype is NSIP, with other notable examples including OP, UIP, LIP,
and diffuse alveolar damage. Currently, there is no established
standard treatment plan, with the current approach based mainly on
expert opinion and often involving the use of glucocorticoids and (or)
immunosuppressive agents (e.g., CYC and MMF) as a first-line
induction and maintenance therapy.

In 2006, Lim et al. (20) published the first case report of a patient
with refractory SLE-ILD treated with RTX. After switching from
immunosuppressive therapy to RTX, the patient improved FVC%,
DLCO%, and SLAM scores. The report highlights the potential of
rituximab in treating refractory SLE-ILD when conventional therapies
are ineffective (20). Similarly, Keir et al. (21) reached a comparable
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conclusion in a retrospective study, whereby all patients exhibited
significant pulmonary function improvements following rituximab
treatment. However, a subset of patients did develop serious
complications. For patients with SLE-ILD who have failed
conventional treatments, RTX may offer a viable intervention.
Nevertheless, further prospective studies are necessary to assess the
efficacy and safety of the drug. Robles-Perez et al. (22) conducted a
similar involving 18 end-stage CTD-ILD patients awaiting
transplantation including four cases of SLE-ILD. RTX therapy was
administered. Following treatment, there was a significant
improvement in lung function, with a further notable improvement
in DLCO% at the two-year mark. Adverse effects were primarily
respiratory and urinary tract infections. There were no deaths during
the observation period, and the need for lung transplantation was
delayed. This findings suggest that RTX can be used as a pre-transplant
rescue therapy and positively impacts lung function over 2 years. The
positive effects observed in this study are encouraging—however, the
age limit of 65 years and the small sample size warrant further
investigation (22).

SLE-ILD patients are often included in more extensive CTD-ILD
studies, which reduces the accuracy of the results. Nevertheless, the
combination of case reports and this study’s results suggest that RTX
may be beneficial in treating SLE-ILD as a salvage therapy (20-22).
However, further research is needed to explore the optimal timing and
dosage of RTX.

4.6 Rituximab in combination with
antifibrotics

In current clinical practice, traditional immunosuppressive agents
are still significant in managing CTD-ILD. Several studies have
demonstrated that RTX therapy exhibits superior efficacy and safety
compared to traditional immunosuppressives. RTX has shown
promising therapeutic potential as both a first-line and a salvage
treatment. Despite CTD-ILD and IPF differ in clinical features, natural
course, treatment, and prognosis, they overlap in pathogenic
mechanisms. The disease courses of CTD-ILD can vary, and when
patients present with progressive exacerbation of pulmonary fibrosis and
deterioration of lung function, they can be defined as having progressive
pulmonary fibrosis (PPF) once they meet the diagnostic criteria (45).
Nintedanib (NTB), an oral tyrosine kinase inhibitor, exerts its effects by
targeting and inhibiting the receptors for platelet-derived growth factor
(PDGF), fibroblast growth factor (FGF), and vascular endothelial growth
factor (VEGF) (46). This effectively inhibits the proliferation and
activation of fibroblasts associated with pulmonary fibrosis, thereby
reducing the progression of fibrosis. In two Phase III clinical trials
(INPULSIS-1 and INPULSIS-2), it has been demonstrated that NTB
treatment significantly slows the decline of FVC in patients with IPF (47).
Furthermore, a Phase III clinical trial INBUILD) has demonstrated the
positive efficacy of NTB in PPF (48). Presently, NTB has been approved
for the treatment of IPF and PPE Combining immunosuppressives with
NTB is a significant treatment modality in contemporary clinical
practice. The most recent CTD-ILD management opinion published by
the BSR and EULAR indicates that MMEF, in combination with NTB, can
be utilized as a treatment for SSc-ILD (49, 50).

Boutel et al. (23) conducted a single-center descriptive study based
on real-world data, enrolling 21 patients with CTD-ILD treated with
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NTB. The majority of these patients were receiving concurrent
immunosuppressive therapy, and one patient was treated with RTX in
combination with NTB. The 10-month follow-up endpoints revealed
lung function remained stable before and after treatment, with a slight
numerical improvement (the mean change in FVC was +0.9%, the
mean change in DLCO was +3.4%, and the mean change in FEV1 was
+3.4%). No serious adverse events were observed. Further statistical
analysis showed that patients treated with NTB in combination with
MMEF had a more significant improvement in DLCO% than those
treated with NTB alone (p = 0.03), and although the subgroup of RTX
combined with NTB was not analyzed, the positive results could
indicate that immunosuppressives combined with NTB is effective in
slowing down the progression of fibrosis in CTD-ILD (23). Similar
conclusions were obtained by Misirci et al. (24) in a multicenter, larger
sample size, and longer follow-up study in which all patients were
treated with immunosuppressives in combination with NTB, of which
27.3% treated with RTX. The FVC and DLCO values remained stable
compared to the baseline after 6, 12, and 18 months of treatment, and
the study further found that the combination of immunosuppressives
and NTB is effective and safe in the treatment of both SSc-ILD patients
and other CTD-ILD patients. In another retrospective study, Yusuke
Ushio et al. classified the subjects into the immunosuppressives + NTB
treatment group and the NTB alone treatment group. The most
commonly utilized immunosuppressives in this study was
RTX. Following 8 months of treatment, the immunosuppressives +
NTB treatment group exhibited a significant improvement in the
change in FVC and the rate of change in monthly FVC compared to
the NTB alone treatment group (+12.1% vs. —1.1%, +1.71%/month vs.
+0.34%/month, respectively). And the immunosuppressives + NTB
treatment group experienced a serious adverse event of gastrointestinal
perforation during follow-up. This adverse event may be related to the
long-term use of GC prior to the patients receiving treatment or the
inhibitory effect of NTB on platelet-derived growth factor receptor
(VEGFR). Since RTX is the most widely used in immunosuppressives
in this study, it indicates that RTX combined with NTB for CTD-ILD
treatment of the PPF phenotype demonstrates some potential (25).

The potential of immunosuppressives in combination with NTB in
treating CTD-ILD is gradually being recognized, and the aforementioned
studies provide positive real-world clinical data (23-25). Specifically, the
combination of immunosuppressives with NTB has been shown to have
a more significant advantage in protecting and improving lung function
than N'TB alone for treating PPF in patients with CTD-ILD. Furthermore,
the combination does not result in a significant increase in the risk of
adverse events. However, the current studies still have some limitations.
Firstly, due to the small number of studies and sample sizes, it is not
possible to accurately evaluate the efficacy and safety of RTX combined
with NTB alone. Secondly, the predominance of SSc-ILD in the study
population limits the discussion of combination therapy in ILD caused
by different CTDs. Consequently, subsequent studies should expand the
sample size and conduct subgroup analyses to enhance the reliability
and generalizability of the conclusions.

5 Discussion

Rituximab, a monoclonal antibody targeting CD20 antigen,
depletes B cells, thereby reducing the incidence of inflammatory
responses and pulmonary fibrosis in CTD-ILD. It also maintains or
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improves lung function, enhances quality of life, and ultimately
increases survival rates. The existing literature suggests that RTX is an
effective treatment for CTD-ILD, however controversies persist. In
typical circumstances, RTX can be employed as a salvage treatment
following the failure of a first-line therapy comprising glucocorticoids
and (or) immunosuppressants. However, some studies have
demonstrated that RTX exhibits superior efficacy when used as an
initial treatment compared to traditional regimens. Some studies have
indicated that RTX has a superior safety profile to traditional
immunosuppressive agents. However, because patients with refractory
ILD have previously undergone treatment with glucocorticoids and
(or) immunosuppressive agents, there is a potential for bias in
assessing its safety profile. The adverse effects of RTX treatment are
primarily infections, low serum IgG levels, neutropenia, and infusion
reactions. However, some researchers have demonstrated that the
administration of vaccines prior to treatment can reduce the incidence
of adverse reactions. Recent recommendations from the European
League Against Rheumatism (EULAR), the British Society for
Rheumatology (BSR), and the American College of Rheumatology
(ACR) on the management of CTD-ILD also state that RTX can
be used as an initial or salvage regimen for CTD-ILD, particularly in
patients with SSc-ILD (49-51). RTX can be used either when the
disease progresses after first-line therapy or in the presence of RP-ILD,
while considering the potential risk of infection. However, it should
be noted that given the heterogeneity of CTD-ILD, the diverse clinical
manifestations, the various subtypes of pathological organization, the
HRCT model and serum autoantibodies, the efficacy of RTX
treatment may be influenced. Additionally, the dosage and interval of
RTX administration can impact treatment outcomes. However, the
discrepancies observed in various studies may be attributed to several
factors, including the limited sample size, the tendency for
retrospective studies to be biased, and the potential for inter-observer
variability in HRCT interpretation.

6 Conclusion

Rituximab has shown the efficacy and safety in treating
CTD-ILD. However, controversy and limitations persist. Currently,

References

1. Johnson SR, Bernstein EJ, Bolster MB, Chung JH, Danoff SK, George MD, et al.
2023 American College of Rheumatology (ACR)/American College of CHEST
Physicians (CHEST) guideline for the screening and monitoring of interstitial lung
disease in people with systemic autoimmune rheumatic diseases. Arthritis Care Res.
(2024) 76:1070-82. doi: 10.1002/acr.25347

2. Ryu JH, Daniels CE, Hartman TE, Yi ES. Diagnosis of interstitial lung diseases.
Mayo Clin Proc. (2007) 82:976-86. doi: 10.4065/82.8.976

3. van den Bosch L, Luppi F, Ferrara G, Mura M. Immunomodulatory treatment of
interstitial lung disease. Ther Adv Respir Dis. (2022) 16:17534666221117002. doi:
10.1177/17534666221117002

4. Schioppo T, Ingegnoli F. Current perspective on rituximab in rheumatic diseases.
Drug Des Devel Ther. (2017) 11:2891-904. doi: 10.2147/DDDT.S139248

5. Narvéez J, Robles-Pérez A, Molina-Molina M, Vicens-Zygmunt V, Luburich P,
Yaiiez MA, et al. Real-world clinical effectiveness of rituximab rescue therapy in patients
with progressive rheumatoid arthritis-related interstitial lung disease. Semin Arthritis
Rheum. (2020) 50:902-10. doi: 10.1016/j.semarthrit.2020.08.008

6. Matson SM, Baqir M, Moua T, Marll M, Kent ], Jannazzo NS, et al. Treatment
outcomes for rheumatoid arthritis-associated interstitial lung disease: a real-world,
multisite study of the impact of immunosuppression on pulmonary function trajectory.
Chest. (2023) 163:861-9. doi: 10.1016/j.chest.2022.11.035

Frontiers in Medicine

10.3389/fmed.2025.1555442

research is primarily based on case reports and observational studies.
Future studies should focus on conducting more long-term
randomized controlled trials, clinical reviews, and meta-analyses to
confirm the efficacy and safety of RTX treatment.

Author contributions

CX: Writing - original draft, Writing — review & editing. ZX:
Writing - original draft. JR: Supervision, Writing - review & editing.

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the reviewers.
Any product that may be evaluated in this article, or claim that may
be made by its manufacturer, is not guaranteed or endorsed by
the publisher.

7. Md Yusof MY, Kabia A, Darby M, Lettieri G, Beirne P, Vital EM, et al. Effect of
rituximab on the progression of rheumatoid arthritis-related interstitial lung disease: 10
years' experience at a single Centre. Rheumatology. (2017) 56:1348-57. doi:
10.1093/rheumatology/kex072

8. Mankikian J, Caille A, Reynaud-Gaubert M, Agier MS, Bermudez ], Bonniaud P,
et al. Rituximab and mycophenolate mofetil combination in patients with interstitial
lung disease (EVER-ILD): a double-blind, randomised, placebo-controlled trial. Eur
Respir J. (2023) 61:2202071. doi: 10.1183/13993003.02071-2022

9. Kesireddy N, Khokher W, Chuang J, Zink E, Syed A, Altorok N, et al. Successful
treatment of Sjogren-associated interstitial lung disease with rituximab. Am ] Ther.
(2023) 30:388-90. doi: 10.1097/MJT.0000000000001438

10. Chen MH, Chen CK, Chou HP, Chen MH, Tsai CY, Chang DM. Rituximab
therapy in primary Sjégren's syndrome with interstitial lung disease: a retrospective
cohort study. Clin Exp Rheumatol. (2016) 34:1077-84.

11. Manikuppam P, Padiyar S, Yadav B, Nair AA, Mane M, Mathew J. Clinical
characteristics and outcomes of interstitial lung disease in primary Sjogren's syndrome:
a retrospective cohort study. Mediterr ] Rheumatol. (2024) 35:108-14. doi:
10.31138/mjr.230323.cca

12. Sircar G, Goswami RP, Sircar D, Ghosh A, Ghosh P. Intravenous cyclophosphamide
vs rituximab for the treatment of early diffuse scleroderma lung disease: open label,

frontiersin.org


https://doi.org/10.3389/fmed.2025.1555442
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1002/acr.25347
https://doi.org/10.4065/82.8.976
https://doi.org/10.1177/17534666221117002
https://doi.org/10.2147/DDDT.S139248
https://doi.org/10.1016/j.semarthrit.2020.08.008
https://doi.org/10.1016/j.chest.2022.11.035
https://doi.org/10.1093/rheumatology/kex072
https://doi.org/10.1183/13993003.02071-2022
https://doi.org/10.1097/MJT.0000000000001438
https://doi.org/10.31138/mjr.230323.cca

Xu et al.

randomized, controlled trial. 57:2106-13.  doi:

10.1093/rheumatology/key213

13. Maher TM, Tudor VA, Saunders P, Gibbons MA, Fletcher SV, Denton CP, et al.
Rituximab versus intravenous cyclophosphamide in patients with connective tissue
disease-associated interstitial lung disease in the UK (RECITAL): a double-blind,
double-dummy, randomised, controlled, phase 2b trial. Lancet Respir Med. (2023)
11:45-54. doi: 10.1016/S2213-2600(22)00359-9

14. Narvaez J, L1 ], Molina-Molina M, Vicens-Zygmunt V, Luburich P, Ma Y, et al.
Rituximab as a rescue treatment added on mycophenolate mofetil background therapy
in progressive systemic sclerosis associated interstitial lung disease unresponsive to
conventional immunosuppression. Semin Arthritis Rheum. (2020) 50:977-87. doi:
10.1016/j.semarthrit.2020.08.004

Rheumatology.  (2018)

15. Lepri G, Avouac J, Airo P, Anguita Santos F, Bellando-Randone S, Blagojevic J, et al.
Effects of rituximab in connective tissue disorders related interstitial lung disease. Clin
Exp Rheumatol. (2016) 34:181-5.

16. Ebata S, Yoshizaki A, Oba K, Kashiwabara K, Ueda K, Uemura Y, et al. Safety and
efficacy of rituximab in systemic sclerosis (DESIRES): open-label extension of a double-
blind, investigators-initiated, randomised, placebo-controlled trial. Lancet Rheumatol.
(2022) 4:e546-55. doi: 10.1016/52665-9913(22)00131-X

17. Sem M, Molberg O, Lund MB, Gran JT. Rituximab treatment of the anti-synthetase
syndrome: a retrospective case series. Rheumatology. (2009) 48:968-71. doi:
10.1093/rheumatology/kep157

18. Doyle TJ, Dhillon N, Madan R, Cabral E, Fletcher EA, Koontz DC, et al. Rituximab
in the treatment of interstitial lung disease associated with Antisynthetase syndrome: a
multicenter retrospective case review. ] Rheumatol. (2018) 45:841-50. doi:
10.3899/jrheum.170541

19. Allenbach Y, Guiguet M, Rigolet A, Marie I, Hachulla E, Drouot L, et al. Efficacy
of rituximab in refractory inflammatory myopathies associated with anti- Synthetase
auto-antibodies: an open-label, phase II trial. PLoS One. (2015) 10:e0133702. doi:
10.1371/journal.pone.0133702

20.Lim SW, Gillis D, Smith W, Hissaria P, Greville H, Peh CA. Rituximab use in
systemic lupus erythematosus pneumonitis and a review of current reports. Intern Med
J. (2006) 36:260-2. doi: 10.1111/j.1445-5994.2006.01055.x

21. Keir GJ, Maher TM, Ming D, Abdullah R, de Lauretis A, Wickremasinghe M, et al.
Rituximab in severe, treatment-refractory interstitial lung disease. Respirology. (2014)
19:353-9. doi: 10.1111/resp.12214

22. Robles-Perez A, Dorca ], Castellvi I, Nolla JM, Molina-Molina M, Narvaez J.
Rituximab effect in severe progressive connective tissue disease-related lung disease:
preliminary data. Rheumatol Int. (2020) 40:719-26. doi: 10.1007/500296-020-04545-0

23. Boutel M, Boutou A, Pitsiou G, Garyfallos A, Dimitroulas T. Efficacy and safety of
Nintedanib in patients with connective tissue disease-interstitial lung disease (CTD-
ILD): a real-world single center experience. Diagnostics. (2023) 13:1221. doi:
10.3390/diagnostics13071221

24. Misira1 S, Ekin A, Yagiz B, Cogkun BN, Bagibiiyiik F, Birlik AM, et al. Treatment
with nintedanib is as effective and safe in patients with other connective tissue diseases
(CTDs)-interstitial lung disease (ILD) as in patients with systemic sclerosis-ILD: a
multicenter retrospective study. Clin Rheumatol. (2025) 44:1187-95. doi:
10.1007/s10067-025-07323-0

25. Ushio Y, Wakiya R, Kameda T, Nakashima S, Shimada H, Miyagi T, et al.
Nintedanib combined with immunosuppressive agents improves forced vital capacity in
connective tissue disease-associated PF-ILD: a single-center study. BMC Rheumatol.
(2024) 8:27. doi: 10.1186/541927-024-00400-y

26.Boustani K, Ghai P, Invernizzi R, Hewitt RJ, Maher TM, Li QZ, et al.
Autoantibodies are present in the bronchoalveolar lavage but not circulation in patients
with fibrotic interstitial lung disease. ER] Open Res. (2022) 8:00481-2021. doi:
10.1183/23120541.00481-2021

27. Hamberg V, Sohrabian A, Volkmann ER, Wildt M, Lofdahl A, Wuttge DM, et al. Anti-
Ro52 positivity is associated with progressive interstitial lung disease in systemic sclerosis-an
exploratory study. Arthritis Res Ther. (2023) 25:162. doi: 10.1186/s13075-023-03141-4

28. Takeshita M, Suzuki K, Nakazawa M, Kamata H, Ishii M, Oyamada Y, et al.
Antigen-driven autoantibody production in lungs of interstitial lung disease with
autoimmune disease. ] Autoimmun. (2021) 121:102661. doi: 10.1016/j.jaut.2021.102661

29. Matsushita T. Regulatory and effector B cells: friends or foes? J Dermatol Sci.
(2019) 93:2-7. doi: 10.1016/j.jdermsci.2018.11.008

30. Ali ME, Egan AM, Shaughnessy GF, Anderson DK, Kottom TJ, Dasari H, et al.
Antifibrotics modify B-cell-induced fibroblast migration and activation in patients with
idiopathic pulmonary fibrosis. Am ] Respir Cell Mol Biol. (2021) 64:722-33. doi:
10.1165/rcmb.2020-03870C

Frontiers in Medicine

09

10.3389/fmed.2025.1555442

31. Luzina IG, Todd NW, Sundararajan S, Atamas SP. The cytokines of pulmonary
fibrosis: much learned, much more to learn. Cyftokine. (2015) 74:88-100. doi:
10.1016/j.cyt0.2014.11.008

32. Bounia CA, Liossis SC. B cell depletion treatment in resistant systemic sclerosis
interstitial lung disease. Mediterr ] Rheumatol. (2022) 33:1-6. doi: 10.31138/mjr.33.1.1

33. Sakkas LI, Katsiari CG, Daoussis D, Bogdanos DP. The role of B cells in the
pathogenesis of systemic sclerosis: an update. Rheumatology. (2023) 62:1780-6. doi:
10.1093/rheumatology/keac578

34. Huang S, Kronzer VL, Dellaripa PE, Deane KD, Bolster MB, Nagaraja V, et al.
Rheumatoid arthritis-associated interstitial lung disease: current update on prevalence,
risk factors, and pharmacologic treatment. Curr Treatm Opt Rheumatol. (2020)
6:337-53. doi: 10.1007/s40674-020-00160-z

35. Sullivan DI, Ascherman DP. Rheumatoid arthritis-associated interstitial lung
disease (RA-ILD): update on prevalence, risk factors, pathogenesis, and therapy. Curr
Rheumatol Rep. (2024) 26:431-49. doi: 10.1007/s11926-024-01155-8

36.Dai Y, Wang W, Yu Y, Hu S. Rheumatoid arthritis-associated interstitial lung
disease: an overview of epidemiology, pathogenesis and management. Clin Rheumatol.
(2021) 40:1211-20. doi: 10.1007/s10067-020-05320-z

37. Wells AU. New insights into the treatment of CTD-ILD. Nat Rev Rheumatol. (2021)
17:79-80. doi: 10.1038/s41584-020-00567-x

38. Juge PA, Lee JS, Lau J, Kawano-Dourado L, Rojas Serrano J, Sebastiani M, et al.
Methotrexate and rheumatoid arthritis associated interstitial lung disease. Eur Respir J.
(2021) 57:2000337. doi: 10.1183/13993003.00337-2020

39. Flament T, Bigot A, Chaigne B, Henique H, Diot E, Marchand-Adam S. Pulmonary
manifestations of Sjogren's syndrome. Eur Respir Rev. (2016) 25:110-23. doi:
10.1183/16000617.0011-2016

40.La Rocca G, Ferro F, Sambataro G, Elefante E, Fonzetti S, Fulvio G, et al.
Primary-Sjogren's-syndrome-related interstitial lung disease: a clinical review
discussing current controversies. J Clin Med. (2023) 12:428. doi:
10.3390/jcm12103428

41.Shah S, Denton CP. Scleroderma autoantibodies in guiding monitoring and
treatment  decisions. Curr  Opin  Rheumatol.  (2022) 34:302-10. doi:
10.1097/BOR.0000000000000904

42. Cassone G, Sebastiani M, Vacchi C, Erre GL, Salvarani C, Manfredi A. Efficacy
and safety of mycophenolate mofetil in the treatment of rheumatic disease-related
interstitial lung disease: a narrative review. Drugs Context. (2021) 10:1-17. doi:
10.7573/dic.2020-8-8

43. Wang R, Zhao Y, Qi F, Wu X, Wang Y, Xu Y, et al. Analysis of the clinical features
of antisynthetase syndrome: a retrospective cohort study in China. Clin Rheumatol.
(2023) 42:703-9. doi: 10.1007/s10067-022-06404-8

44. Mathai SC, Danoff SK. Management of interstitial lung disease associated with
connective tissue disease. BMJ. (2016) 352:h6819. doi: 10.1136/bmj.h6819

45. Spagnolo P, Distler O, Ryerson CJ, Tzouvelekis A, Lee JS, Bonella F, et al.
Mechanisms of progressive fibrosis in connective tissue disease (CTD)-associated
interstitial lung diseases (ILDs). Ann Rheum Dis. (2021) 80:143-50. doi:
10.1136/annrheumdis-2020-217230

46. Wollin L, Wex E, Pautsch A, Schnapp G, Hostettler KE, Stowasser S, et al. Mode
of action of nintedanib in the treatment of idiopathic pulmonary fibrosis. Eur Respir J.
(2015) 45:1434-45. doi: 10.1183/09031936.00174914

47. Richeldi L, du Bois RM, Raghu G, Azuma A, Brown KK, Costabel U, et al. Efficacy
and safety of nintedanib in idiopathic pulmonary fibrosis. N Engl ] Med. (2014)
370:2071-82. doi: 10.1056/NEJMoa1402584

48. Flaherty KR, Wells AU, Cottin V, Devaraj A, Walsh SLE, Inoue Y, et al. Nintedanib
in progressive Fibrosing interstitial lung diseases. N Engl ] Med. (2019) 381:1718-27.
doi: 10.1056/NEJMo0al1908681

49. Del Galdo E, Lescoat A, Conaghan PG, Bertoldo E, Coli¢ J, Santiago T, et al.
EULAR recommendations for the treatment of systemic sclerosis: 2023 update. Ann
Rheum Dis. (2025) 84:29-40. doi: 10.1136/ard-2024-226430

50.Denton CP, De Lorenzis E, Roblin E, Goldman N, Alcacer-Pitarch B, Blamont
E, et al. The 2024 British Society for Rheumatology guideline for
management of systemic sclerosis. Rheumatology. (2024) 63:2956-75. doi:
10.1093/rheumatology/keae394

51. Johnson SR, Bernstein EJ, Bolster MB, Chung JH, Danoft SK, George MD, et al.
2023 American College of Rheumatology (ACR)/American College of CHEST
Physicians (CHEST) guideline for the treatment of interstitial lung disease in people
with systemic autoimmune rheumatic diseases. Arthritis Rheumatol. (2024) 76:1182-200.
doi: 10.1002/art.42861

frontiersin.org


https://doi.org/10.3389/fmed.2025.1555442
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1093/rheumatology/key213
https://doi.org/10.1016/S2213-2600(22)00359-9
https://doi.org/10.1016/j.semarthrit.2020.08.004
https://doi.org/10.1016/S2665-9913(22)00131-X
https://doi.org/10.1093/rheumatology/kep157
https://doi.org/10.3899/jrheum.170541
https://doi.org/10.1371/journal.pone.0133702
https://doi.org/10.1111/j.1445-5994.2006.01055.x
https://doi.org/10.1111/resp.12214
https://doi.org/10.1007/s00296-020-04545-0
https://doi.org/10.3390/diagnostics13071221
https://doi.org/10.1007/s10067-025-07323-0
https://doi.org/10.1186/s41927-024-00400-y
https://doi.org/10.1183/23120541.00481-2021
https://doi.org/10.1186/s13075-023-03141-4
https://doi.org/10.1016/j.jaut.2021.102661
https://doi.org/10.1016/j.jdermsci.2018.11.008
https://doi.org/10.1165/rcmb.2020-0387OC
https://doi.org/10.1016/j.cyto.2014.11.008
https://doi.org/10.31138/mjr.33.1.1
https://doi.org/10.1093/rheumatology/keac578
https://doi.org/10.1007/s40674-020-00160-z
https://doi.org/10.1007/s11926-024-01155-8
https://doi.org/10.1007/s10067-020-05320-z
https://doi.org/10.1038/s41584-020-00567-x
https://doi.org/10.1183/13993003.00337-2020
https://doi.org/10.1183/16000617.0011-2016
https://doi.org/10.3390/jcm12103428
https://doi.org/10.1097/BOR.0000000000000904
https://doi.org/10.7573/dic.2020-8-8
https://doi.org/10.1007/s10067-022-06404-8
https://doi.org/10.1136/bmj.h6819
https://doi.org/10.1136/annrheumdis-2020-217230
https://doi.org/10.1183/09031936.00174914
https://doi.org/10.1056/NEJMoa1402584
https://doi.org/10.1056/NEJMoa1908681
https://doi.org/10.1136/ard-2024-226430
https://doi.org/10.1093/rheumatology/keae394
https://doi.org/10.1002/art.42861

	Use of rituximab in connective tissue disease-associated interstitial lung disease: a narrative review
	1 Introduction
	2 Methods
	3 The role of B cells in CTD-ILD
	4 Rituximab in the treatment of CTD-ILD
	4.1 RA-ILD
	4.2 pSS-ILD
	4.3 SSc-ILD
	4.4 ASS-ILD
	4.5 SLE-ILD
	4.6 Rituximab in combination with antifibrotics

	5 Discussion
	6 Conclusion

	References

