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Abstract 

Background: Rituximab (RTX) has been previously reported as directed treatment in patients with connective-tissue 
disease-related interstitial lung diseases (CTD-ILD). A systematic assessment of treatment effect size on pulmonary 
function outcomes and related adverse effects in patients with CTD-ILD has not been previously reported.

Methods: We performed a systematic review and meta-analysis of published reports from PubMed, Embase, and 
Cochrane Libraries. Randomized and non-randomized controlled trials, case–control, cohort, and case series (with five 
or more cases) containing individual pulmonary function data and adverse effects were included. Study endpoints 
were pre- and post-treatment change in percent predicted forced vital capacity (FVC %) and diffusion capacity for 
carbon monoxide (DLCO%), along with reported drug-related adverse events.

Results: Twenty studies totaling 411 patients were identified with 14 included in the meta-analysis of pulmonary 
function and six in the descriptive review. Random effects meta-analysis of pre- and post-treatment pulmonary func-
tion findings demonstrated increases in FVC% (n = 296) (mean difference (MD) 4.57%, [95% CI 2.63–6.51]) and DLCO% 
(n = 246) (MD 5.0% [95% CI 2.71–7.29]) after RTX treatment. RTX treatment-related adverse effects were reported in 
13.6% of the pooled cohort.

Conclusions: A systematic assessment of post-treatment effect size suggests a potential role for RTX in stabilizing or 
improving lung function in patients with CTD-ILD, with a modest but not insignificant adverse effect profile.
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Introduction
The connective-tissue diseases (CTD) are commonly 
associated with initial or subsequent interstitial lung dis-
ease, frequently portending greater morbidity than CTD 
without lung involvement [1]. While nearly all CTD may 

be associated with ILD, systemic sclerosis (SSc), the idi-
opathic inflammatory myopathies (IIM), and rheumatoid 
arthritis (RA) report the highest prevalences [2–4]. Radi-
ologic patterns and clinical manifestations vary according 
to subtype while pulmonary function is frequently char-
acterized by restrictive ventilatory defect and reduced dif-
fusing capacity[5]. Therapy for the majority of CTD-ILD 
often involves an extension of medications already aimed 
at the underlying CTD, typically consisting of corticos-
teroids and steroid-sparing agents like cyclophosphamide 
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(CYC), azathioprine (AZA), and mycophenolate mofetil 
(MMF) [3]. Except for scleroderma-ILD, management 
of CTD-ILD remains experiential or empiric due to lack 
of robust randomized controlled trials (RCT). Heteroge-
neity of disease subtypes, unclear and variable outcome 
measures, and relatively better survival compared to 
other progressive ILD like idiopathic pulmonary fibrosis 
(IPF) make large controlled studies difficult, requiring 
expansive RCTs with longer durations to differentiate 
functional or survival outcomes. Pulmonary function 
endpoints are often followed as reasonable markers of 
treatment effect.

Rituximab (RTX), a B-cell depleting chimeric monoclo-
nal antibody against human CD20, is currently approved 
for the treatment of lymphoma and RA. With prior evi-
dence suggesting aberrations in lymphocyte function may 
be involved in the development and evolution of CTD 
[6], its use for the treatment of other CTD subtypes has 
gained recent interest. An initial report in 2008 involv-
ing patients with SSc-ILD [7] supported its particular 
role in CTD with associated ILD, particularly those with 
clinically severe or progressive lung disease unresponsive 
to conventional immunosuppression [8]. Multiple case 
reports, case series, and one clinical trial have reported 
on the positive effects of rituximab in CTD-ILD though 
the extent of its effect on measured pulmonary func-
tion has not been summatively reported. This systematic 
review and meta-analysis summarizes the pooled effect 
size of RTX on lung function (percent predicted forced 
vital capacity (FVC%) and diffusion capacity for carbon 
monoxide (DLCO%)) and describes reported safety out-
comes in the treatment of CTD-ILD.

Materials and methods
The current systematic review and meta-analysis was 
conducted and reported according to the Preferred 
Reporting Items for Systematic reviews and Meta-Analy-
ses (PRISMA) [9] guideline and statement. The Cochrane 
Handbook for Systematic Reviews of Interventions [10] 
provided the methodology for meta-analysis, and specific 
scoring of the included citations. The protocol was regis-
tered with ResearchRegistry (www. resea rchre gistry. com; 
identifier reviewregistry1182).

Literature search and study selection
PubMed, Cochrane Library, and Embase databases were 
searched for original full articles published in English 
from their inception to March 20, 2021. Search terms, 
combinations, and results are presented in Additional 
file  1: Table  S1. Studies were selected from case series 
reporting five or more cases, case–control, retrospec-
tive or prospective cohorts, and randomized or non-
randomized controlled trials. Only adults (18 to 80 years 

of age) with a diagnosis of CTD-ILD were included. In 
terms of intervention, RTX was used individually or in 
combination with other immunosuppressive agents for 
at least six months or more (one cycle). Two review-
ers (YZ and YG) assessed the titles and abstracts of all 
search results with pre-specified inclusion and exclusion 
criteria. If the abstract of an article suggested relevance, 
the article was retrieved and independently assessed by 
the same reviewers for inclusion in either the descrip-
tive review or meta-analysis of pulmonary function 
outcomes.

Risk of bias assessment and overall quality of evidence
Risk of bias was assessed according to study type by the 
following: Cochrane collaboration tool for bias assess-
ment in randomized controlled trials; Joanna Briggs 
Institute (JBI) critical appraisal checklist for quasi-exper-
imental studies for nonrandomized observational stud-
ies; JBI critical appraisal checklist for cohort studies; and 
the JBI critical appraisal checklist for case series [10, 11]. 
Publication bias was assessed by funnel plot and Egger 
test.

Data extraction
Pre-specified study data included design, duration of 
follow-up, setting, and performance dates. Participant 
data included number, mean age and age range, sex, 
and CTD-ILD subtype. Intervention data included RTX 
dose and number and concomitant immunosuppression. 
Adverse events or complications attributed to RTX were 
also collated and categorized. Disagreements regard-
ing study inclusion were resolved by consensus between 
study reviewers (YZ and YG).

Endpoints
Primary meta-analysis outcomes were mean differences 
(MD) in percent predicted pre- and post-treatment 
reported forced vital capacity (FVC%) and diffusion 
capacity for carbon monoxide (DLCO%). Included arti-
cles for meta-analysis required reporting of specific pre- 
and post-treatment lung function findings or the mean 
changes in FVC% or DLCO% from baseline and their cal-
culated standard deviations. Post-treatment FVC% and 
DLCO% were defined as obtained six months or greater 
from the first dose of RTX. All RTX dosages and infusion 
regimens were included, with all patients treated for at 
least one course of treatment (6  months). Drug-related 
adverse events from all studies were reviewed.

Data analysis
Meta-analysis was performed using Comprehen-
sive Meta-Analysis software version 3.3.070 (Biostat 
Inc, Englewood, NJ, USA). Descriptive analysis was 

http://www.researchregistry.com
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conducted separately for non-combined studies (n = 6). 
Mean and standard deviation (SD) for changes in FVC% 
and DLCO% were calculated using the following equa-
tions from the Cochrane Handbook for Systematic 
Reviews of Interventions [10]:

R in the equation above represents a correlation coeffi-
cient for which we imputed values of 0.4, 0.6, and 0.8 with 
sensitivity analysis for each. As the pooled MD results 
were similar for each value, we used a coefficient of 0.4 
for r in the meta-analysis. MD for FVC% and DLCO% 
were reported as mean changes from baseline with 95% 
CI. A random-effects model with DerSimonian-Laird 
estimator of between-study variance was used to estimate 
final MD for each endpoint given baseline differences in 
study type and patient characteristics [12]. Magnitude of 
treatment effect may also vary according to sample size, 
disease subtype, concomitant treatment, or other unac-
counted covariables, with a random effects model assum-
ing effect size may be similar but not identical across all 
included studies with the intent of reporting the pooled 
true effects. The I2 statistic was used to describe hetero-
geneity among the studies (I2 > 50% or P value < 0.10 for 
high heterogeneity). Meta-analysis data are presented as 
summary Forest plots for each PFT endpoint.

Results
Study selection and patient characteristics
A total of 3806 individual citations were found and 
screened, resulting in the inclusion of 20 studies for sys-
tematic review, 14 of which were included specifically 
in the quantitative meta-analysis of treatment effect size 
on lung function [13–32]. Study selection is presented 
in Fig.  1. Study exclusion on initial screening included 
non-English language, reporting of non-functional out-
comes, reviews, editorials or commentary, incomplete 
manuscripts, lay press, and case reports with less than 
five cases. Tables  1 and 2 summarize study characteris-
tics included in the meta-analysis (n = 14) and descrip-
tive review (n = 6). Sample sizes ranged from seven to 56, 
totaling 411 patients. Study subtypes included case series 
(n = 13), retrospective cohorts (n = 5), one non-rand-
omized trial, and one RCT. Six studies reported the com-
bined outcomes of several CTD-ILD; five for SSc-ILD 

Mean change from baseline = Meanpost-treatment −Meanpre-treatment

SDchange = SDbaseline
2
+ SDfinal

2
− (2× r × SDbaseline × SDfinal)

and antisynthetase syndrome-ILD (ASS-ILD); three 
for RA-ILD, and one for primary Sjögren’s-related-ILD 
(pSS). Summarized patient characteristics for the meta-
analysis and descriptive reviews are presented in Table 3). 
There was female predominance for both analyses with 

a majority being treated for progressive ILD dominated 
by fibrosis unresponsive to initial immunosuppression. 
Thirty-three patients in one intervention study were 
randomized to RTX [21] as rationale for initiation with 
only ten patients from both analyses being provided RTX 
as first-line therapy [20, 33]. In most studies, RTX was 
administered as two 1000 mg infusions two weeks apart, 
or 375  mg/m2 weekly for 4 weeks. Each cycle could be 
repeated at six-month intervals with all included stud-
ies reporting on the outcomes of at least one treatment 
cycle. Steroid-sparing immunosuppressant and other 
therapies included AZA, MMF, CYC, methotrexate 
(MTX) and intravenous immunoglobulin (IVIG). Pulmo-
nary function outcomes were measured at baseline and 
after at least a first RTX treatment period (six months) up 
to one year.

Effect size of RTX on FVC% and DLCO% endpoints
A total of 296 CTD-ILD patients from 14 studies with 
available pre- and post-treatment FVC% contributed to 
the quantitative meta-analysis (I2 = 0%, P = 0.94). There 
was an increase in FVC% before and after RTX treatment 
with a MD of 4.57% [95% CI, 2.63–6.51] (Fig. 2). Quan-
titative meta-analysis for DLCO% included 246 patients 
from ten studies (I2 = 10%, P = 0.34). There was an 
increase in DLCO% (MD 5.0% [95% CI 2.71–7.29]) after 
RTX treatment (Fig. 3).

Safety outcomes as reported for all studies
Infusion related reactions, including fever, chills, and 
rigors were the most reported adverse effects along with 
non-serious infections. Fifty six of 411 treated patients 
suffered some type of adverse effect (13.6%). As pre-
sented in Table  1, one study reported 12 non-serious 
chest infections[14] while eight studies reported zero 
events. There were no reported deaths as a direct result 
of RTX treatment.
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Risk of bias and publication bias assessment
Systematic biases were scored for included studies and 
presented in Additional file 1: Table S2. A particular limi-
tation for meta-analysis was the lack of RCT studies. As 
multiple reports with varied definitions of positive out-
comes were available and our intent was to systemati-
cally review effect size, we included only those studies 
reporting specific baseline and post-treatment lung func-
tion. Many screened publications were also case reports 
with less than five patients, preemptively excluded due 
to smaller studies contributing greater bias. There did 
not appear to be publication bias for the two primary 

pulmonary function outcomes as represented by funnel 
plots (Figs.  4 and 5). The Egger’s regression asymmetry 
test demonstrated P values of 0.60 and 0.28 (P > 0.05 sug-
gests no publication bias) for the outcomes of FVC% and 
DLCO%, respectively.

Analysis of studies included in the descriptive review
Six studies with various PFT outcomes but unre-
ported specific pre and post treatment FVC% and 
DLCO% (with related standard deviation required for 
pooled analysis) that could not be combined were ana-
lyzed descriptively (Table 2). A cohort of 14 CTD-ILD 

Fig. 1 PRISMA study selection
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patients who received more than one cycle of RTX 
found FVC% trajectory increased in eight and declined 
in six [23]. Another RA-ILD study found RTX treat-
ment appeared to lower the risk of respiratory impair-
ment (defined as a decline ≥ 5% in the predicted FVC) 
compared to untreated historical controls (hazard 
ratio, 0.51 [95% CI, 0.31–0.85]) [18]. Four case series 
reported RTX therapy in ASS-ILD. Andersson et  al. 
showed that median FVC% and DLCO% increased 
by 24% and 17% respectively in 24 patients on RTX 

treatment for a median number of 2.7 cycles [20]. A 
case series of seven patients found that after one year 
of RTX treatment, median FVC% increased from 66% 
[range: 35–76] to 74% [range: 57–108] (P = 0.04); and 
median DLCO% increased from 39% [range: 20–57] 
to 59% [range: 49–72] (P = 0.001) [27]. Neither study 
was included in the quantitative meta-analysis due to 
the absence of reported and non-calculatable stand-
ard deviations for each PFT outcome. Allenbach et  al. 
summarized the FVC findings of ten patients after 1.5 

Table 3 Summary clinical findings for meta-analysis and descriptive review cohorts

ASS  antisynthetase syndrome, F female, GGO  ground glass opacities, IIM idiopathic inflammatory myopathy, ILD interstitial lung disease LIP lymphocytic interstitial 
pneumonia, M male, MCTD mixed connective tissue disease, OP organizing pneumonia, RTX rituximab, RA rheumatoid arthritis, SLE systemic lupus erythematosus, 
SSc scleroderma or systemic sclerosis, SD standard deviation
* Inclusive of mixed fibrotic and GGO infiltrates, usual interstitial pneumonia, nonspecific interstitial pneumonia (NSIP), and NSIP with organizing pneumonia

Meta-analysis (N = 14 studies)

Age (mean age ± SD) Sex (F/M) Disease type ILD (fibrotic vs non-fibrotic) Rationale for initiating RTX

52 ± 7 184/77 (not delineated in two stud-
ies (N = 35))

SSc = 120
RA = 98
ASS = 22
SS = 12
SLE = 7
IIM = 8
Unclassifiable = 4

Fibrotic = 290*
OP = 3
Nodular or GGO = 4

Non-response to prior therapy = 260
Firstline = 3
Randomized = 33

Descriptive analysis (N = 6 studies)

Age (mean age) Sex (F/M) Disease type ILD (fibrotic vs non-fibrotic) Rationale for initiating RTX

56 ± 3 41/34 (not delineated in one study 
(N = 31))

SSc = 3
RA = 39
ASS = 52
IIM = 3
MCTD = 2
Unclassifiable = 1

Fibrotic = 95*
OP = 2
LIP = 1
Unclassified = 1

Non-response to prior therapy = 62
Firstline = 7
(Not delineated in 2 studies (N = 38))

Fig. 2 FVC% meta-analysis forest plot, random-effects analysis
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cycles of RTX, showing FVC improvement in four, sta-
bility in five, and worsening in one [17]. Lastly, a final 
study involving ASS-ILD found that after one cycle 
RTX, six of eleven patients showed > 10% improvement 
in FVC% and 3 had > 15% improvement in DLCO% [31].

Discussion
To our knowledge this is the first systematic review and 
meta-analysis to assess RTX effect size on FVC% (MD 
of 4.57%) and DLCO% (MD of 5.0%) in patients with 

CTD-ILD, reporting a low but not insignificant level of 
drug-related adverse effects (13.6% of the pooled cohort). 
Over 240 pooled patient observations were included for 
each functional endpoint suggesting RTX may modestly 
improve or stabilize lung function as an adjunct to tradi-
tional immunosuppression.

While the combined effect size on PFT outcomes 
for CTD-ILD was reported here, it is worth reviewing 
the individual characteristics and responses to RTX in 
reported specific diseases. SSc has the highest mortality 

Fig. 3 DLCO% meta-analysis forest plot, random effects analysis

Fig. 4 Funnel plot for FVC meta-analysis
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associated with ILD [34] along with the highest ILD 
prevalence [35]. Incidentally, studies involving SSc-ILD 
patients were also the largest represented subtype in our 
meta-analysis. FVC% appeared to improve after RTX 
therapy in the combined meta-analysis [13, 15, 21, 22, 30] 
inclusive of the only RCT in our systematic review [19]. 
Divergent findings though were reported in 23 patients 
of a subgroup in the study by Lepri et al. [15]. Similarly, 
DLCO in SSc-ILD appeared to stabilize or improve with 
RTX treatment. The second largest group of represented 
CTD-ILD in our meta-analysis was ASS-ILD, whose dis-
ease-defining manifestations often include inflammatory 
myopathy, ILD, arthritis, and various hand manifestations 
[36, 37]. ILD prevalence ranges from 67 to 100% based 
on antibody type and the diagnostic criteria used [38, 
39]. Our meta-analysis and descriptive review included 
five studies demonstrating FVC improvement or stability 
with RTX [17, 20, 26, 27, 31]. ILD is also an important 
comorbidity of RA often associated with similar out-
comes to IPF, prompting novel approaches to treatment 
to improve or extend survival [40]. RTX has already been 
approved for the treatment of joint symptoms while there 
is less data on the treatment of related ILD. RTX dem-
onstrated stabilization and in some cases, improvement 
of ILD in patients with RA [41]. All included studies in 
our meta-analysis suggested stabilization or improve-
ment of FVC and DLCO [14, 18, 28]. ILD associated with 

primary Sjögren’s syndrome (pSS) occurs less commonly 
compared to other CTD though contributes to significant 
morbidity and mortality [42, 43]. RTX may be a promis-
ing treatment in this setting given the suggested role of 
B cell hyperactivity in the immunopathogenesis of pSS 
[44]. The study by Chen et  al. in included in this meta-
analysis suggests RTX may stabilize pulmonary function 
in patients with pSS [29].

Data for treatment of the other CTD-ILD with RTX 
remains limited. ILD prevalence in the idiopathic 
inflammatory myopathies (IIMs) is about 30–40% and 
contributes to an estimated mortality of 40% [45]. A 
recent systematic review suggested immunosuppres-
sive therapies were associated with significant functional 
improvement for most patients with IIMs and chronic 
ILD, though the mortality of rapidly progressive dis-
ease remains high [46]. A case report of four patients on 
RTX therapy for rapidly progressive lung disease related 
to anti-MDA5 antibody-positive amyopathic dermato-
myositis showed clinically significant improvement in 
lung function, though post-treatment infection risk was 
increased [47]. ILD is less common in systemic lupus 
erythematosus (SLE). A large multicenter observational 
cohort of 147 patients suggested RTX may be a possible 
maintenance option [48], though little data was provided 
regarding response of ILD findings to directed treatment. 

Fig. 5 Funnel plot for DLCO meta-analysis
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In contrast, there are reports of rituximab-induced inter-
stitial pneumonitis seen in SLE patients [49].

Pooled analysis across a spectrum of CTD-ILD sug-
gested a modest 4–5% increase in both FVC% and 
DLCO% after treatment with RTX compared to sta-
bilization or slowing of prior decline. Similar effect in 
improved PFT findings were seen in prior observational 
and RCTs assessing CYC and MMF in patients with 
scleroderma-ILD [50–53], as well as azathioprine in one 
series of CTD patients with fibrotic ILD [54]. Specific 
effect sizes ranged from 1.5% to 15% in terms of FVC% 
change. In the majority of included studies for this meta-
analysis, patients were considered non-responsive or 
refractory to typical immunosuppression, suggesting a 
separate role for the targeting of other immune-mediated 
or inflammatory processes for RTX. Current approval of 
anti-fibrotic therapy for progressive fibrotic lung disease 
including CTD-ILD warrants consideration as preferred 
secondary or tertiary therapies for lung fibrosis over 
RTX [55, 56]. Whether anti-fibrotics are preferred over 
RTX remains debatable but might be  more justified by 
available controlled studies in progressive ILD over cur-
rently uncontrolled and  mostly descriptive data for RTX 
[57]. Lack of controlled data though does not necessar-
ily suggest evidence of inefficacy with future controlled 
studies needed to support or refute the role of RTX. Rel-
evant decision making for clinicians and patients there-
fore may be geared more towards balancing quality of life 
vs. adverse effects. It is unclear from our meta-analyses 
if increases in FVC% or DLCO% of 4 to 5% compared to 
pre-treatment baseline is clinically impactful (in terms of 
symptomatic or radiologic improvement) or sustained 
with subsequent treatment. These remain important 
caveats to real-world management as  RTX immuno-
suppression is often more prolonged and less immedi-
ately reversible. One study reported the direct effects of 
immunosuppressant treatment (not RTX) on patient-
reported outcomes (PRO) and health-related quality of 
life in scleroderma-ILD patients, noting improvements in 
PRO scores meeting minimal clinically important differ-
ences, but little correlation with baseline or subsequent 
FVC change [58].

Additional concerns include cost and risk of serious 
adverse effects which may limit immediate or first-line 
use of RTX in the treatment of CTD-ILD. Our system-
atic review suggests RTX was overall well-tolerated and 
safe in the majority of treated CTD-ILD patients [59], 
including those on long-term therapy [60]. RTX-asso-
ciated interstitial lung disease (RTX-ILD) or lung injury 
may be particularly concerning in those with already 
present lung disease. However, RTX-related lung injury 
was previously reported more commonly in combination 
with other chemotherapeutic agents for the treatment of 

lymphoma, which may confound accurate assessments of 
causation [61]. No direct RTX-related ILD or lung injury 
was reported in our review, highlighted by only a few 
serious adverse events due to infection with no therapy-
related deaths.

There are several limitations to our systematic review 
and meta-analysis. First, variation in disease subtype and 
patient characteristics likely increased pooled heteroge-
neity and limits a true assessment of treatment effect size. 
We accounted for this with use of a random effects model 
and estimated the degree of heterogeneity for each end-
point, though still found I2 for example in the quantitative 
meta-analysis of FVC (I2 = 0%) was low and suggestive of 
little heterogeneity. It is known though that I2 does not 
necessarily describe how much an effect size varies but 
more what proportion of the observed variance would 
remain if all sampling error could be eliminated. When 
I2 is near zero dispersion in a forest plot may be minimal 
but does not suggest the absence of any heterogeneity, 
particularly when sample sizes in included studies were 
small with wider standard variations [62]. Additional 
limitations to our meta-analysis include the inability to 
account for duration of drug exposure, variation in tim-
ing of PFT follow-up, and the balance of CTD-ILD sub-
types, of which pooled analyses may be weighed by one 
disease type over another. As presented in Tables 1 and 
3, patients treated with RTX  were often treated after or 
concomitantly with other immunosuppressive agents. 
CYC has previously demonstrated short-term improve-
ment in FVC in SSc-ILD patients, though with a higher 
incidence of adverse effects [50, 63]. AZA as maintenance 
therapy after six months of CYC did not demonstrate 
significant FVC improvement in this same disease sub-
type [64]. MMF is thought to be safer and equally effec-
tive in the management of CTD-ILD when compared to 
CYC and AZA [50, 54]. We could not completely account 
for the role of concomitant therapy which may have also 
contributed to measured effect sizes. Lastly, pulmonary 
hypertension is common and well-described in CTD-
ILD [65, 66]. Unfortunately, no included studies in our 
meta-analysis provided descriptions or assessments of 
pulmonary hypertension as assessed either by echocardi-
ography or right heart catheterization. Its presence  par-
ticularly in more severe disease may confound DLCO% 
measurements and degree of suggested response to 
treatment.

Conclusion
The present systematic review and meta-analysis sug-
gests a modest stabilization or improvement in pulmo-
nary function (FVC% and DLCO%) in CTD-ILD patients 
treated with RTX. There also appears to be a relatively safe 
adverse effects profile alone or in combination with other 
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immunosuppressant agents. However, the lack of RCTs and 
other controlled quantitative studies along with heteroge-
neity of underlying diseases when data is pooled may pose 
important limitations for the confident use of RTX in real-
world practice, with treatment initiation considered on a 
case-by-case basis.
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