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Treatment of Systemic Sclerosis-Associated 
Interstitial Lung Disease: A Systematic 
Review and Network Meta-Analysis

ABSTRACT

Background/Aims: Several clinical studies have shown favorable outcomes 
in treating systemic sclerosis-associated interstitial lung disease (SSc-ILD), 
yet head-to-head comparisons regarding the efficacy and safety of these 
pharmacological therapies remain limited.

Materials and Methods: A systematical search was conducted to identify 
randomized controlled trials (RCTs) on pharmacological treatments for SSc-
ILD.A comprehensive systematic search was performed across Cochrane 
Library, Embase, PubMed, and Web of Science to identify RCTs that evalu-
ated pharmacological interventions for SSc-ILD, specifically cyclophospha-
mide, mycophenolate mofetil, nintedanib, pirfenidone, tocilizumab, and 
rituximab. The effects of various treatments versus placebo on changes 
in forced vital capacity (FVC), diffusing capacity of the lungs for carbon 
monoxide (DLCO), and serious adverse events (SAEs) were evaluated by 
a Bayesian network meta-analysis. Pooled estimates, including mean dif-
ference and risk ratios with 95% CIs, were calculated to compare different 
therapies. The surface under the cumulative ranking probability (SUCRA) 
was then used to rank these therapeutic agents.

Results: Tocilizumab had the highest SUCRA probability (90.4%) in slowing 
the deterioration of FVC. Rituximab showed the highest SUCRA probability 
(84.2%) in the prevention of DLCO. Moreover, rituximab showed the lowest 
probability (59.1%) for SAEs.

Conclusion: Tocilizumab and rituximab may be the optimal interventions. 
Still, further direct head-to-head trials are necessary to substantiate these 
conclusions.

Keywords: Interstitial lung disease, network meta-analysis, pharmacologi-
cal treatment, systemic sclerosis

Introduction

Systemic sclerosis is a rare autoimmune disease with an unclear etiology. It is 
characterized by inflammation, fibrosis, and microvasculopathy. The fibrosis 
is primarily manifested as fibrosis of the skin and the lung.1 Interstitial lung 
disease is a common complication, occurring in about 30%-90% of patients 
with systemic sclerosis.2 The presence of interstitial lung disease signifies a 
poor prognosis and is the main cause of death in patients with systemic scle-
rosis. Data have suggested that about 35% of patients died from interstitial 
lung disease.3 Therefore, early detection and treatment of systemic sclerosis-
associated interstitial lung disease (SSc-ILD) are paramount.
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Currently, the pharmacological treatment of SSc-ILD 
remains challenging, with no consensus on standard-
ized therapeutic approaches. Previously, cyclophospha-
mide was mainly used for the treatment of SSc-ILD.
however, its usage was curtailed due to adverse effects 
such as hematuria and bone marrow suppression.4 The 
Scleroderma Lung Study II (SLS-II)5 found that myco-
phenolate mofetil matched cyclophosphamide in effi-
cacy while causing fewer side effects, presenting a novel 
therapeutic option for SSc-ILD. Nonetheless, the overall 
therapeutic benefit remains constrained. Antifibrotic 
agents such as nintedanib and pirfenidone have shown 
considerable advancements in slowing the progres-
sion of lung function decline in idiopathic pulmonary 
fibrosis (IPF). The SENSCIS6 study found that nintedanib 
could also delay the decline in lung function in patients 
with SSc-ILD, albeit without significant improvement in 
lung function. There is a paucity of clinical trials on pir-
fenidone, and the sole existing randomized controlled 
trial (RCT) did not identify significant efficacy,7 although 
certain case reports have indicated some effectiveness. 
Currently, biological agents such as tocilizumab and 
rituximab are also new directions for treating SSc-ILD. 
The focuSSced study8 suggested that tocilizumab can 
prevent the decline in lung function in patients with 
SSc. Also, a multicenter open-label study indicated 
that rituximab is superior to conventional treatment 
regimens.9 The first double-blind RCT (DESIRES)10 sug-
gested that rituximab could significantly improve lung 
function compared to placebo, albeit with a limited 
sample size.

Many systematic reviews and meta-analyses on single 
drugs for SSc-ILD have been conducted. However, com-
parative analyses between multiple drugs are relatively 
scarce. Recent years have seen the publication of high-
quality clinical trial results for biological agents such as 
tocilizumab and rituximab, demonstrating promising 
therapeutic effects for SSc-ILD. There are only 2 meta-
analyses that compared mycophenolate mofetil with 
cyclophosphamide,11,12 while 1 analysis compared myco-
phenolate mofetil, cyclophosphamide, and nintedanib.13 
Another 1 compared the efficacy of immunosuppres-
sants, antifibrotic drugs, and biological agents.14 However, 

the studies included in this meta-analysis involved the 
use of steroids and other drugs such as azathioprine 
and pomalidomide. The focuSSced and DESIRES studies 
were not included. Regarding the SENSCIS study that 
included nintedanib, there were instances where it was 
used in combination with mycophenolate mofetil, but 
these were not further differentiated.

There is currently no definitive guideline consensus 
regarding the optimal pharmacological treatment for 
SSc-ILD. Therefore, the purpose of this research was to 
perform a network meta-analysis (NMA) evaluating both 
efficacy and safety profiles of different medications used 
to treat SSc-ILD, based on data from RCTs.

Methods

Study Registration
The study adhered to the Preferred Reporting Items 
for Systematic Reviews and Network Meta-Analyses 
(PRISMA-NMA) guidelines and was prospectively regis-
tered with PROSPERO (No: CRD42024522128).

Eligibility Criteria

Inclusion Criteria: Population (P): Patients who met the 
1980 or 2013 American College of Rheumatology–
European League Against Rheumatism classification 
criteria for systemic sclerosis, whether limited systemic 
sclerosis (lcSSc) or diffuse systemic sclerosis (dcSSc), with 
ILD confirmed by high-resolution computed tomography 
(HRCT). No restrictions were set on race, nationality, sex, 
age, or disease course.

Intervention/exposure (I/E): Cyclophosphamide, myco-
phenolate mofetil, nintedanib, pirfenidone, tocilizumab, 
rituximab, monotherapy, or combination therapy.

Comparison (C): Placebo.

Outcome (O): Forced vital capacity (FVC)% predicted, 
diffusing capacity of the lungs for carbon monoxide 
(DLCO)% predicted, and serious adverse events (SAEs).

Study design (S): RCTs.

Exclusion Criteria: Population (P): Patients with 
pulmonary function indicating FVC less than 45% of the 
predicted, DLCO less than 40% of the predicted, or with 
severe pulmonary hypertension.

Intervention/Exposure (I/E): Use or combination use of 
drugs outside the scope of the study.

Comparison (C): None.

Outcome (O): None.

Study design (S): Observational studies; retrospective 
studies; case reports.

MAIN POINTS
•	 Tocilizumab and rituximab may be the optimal 

interventions in the treatment of systemic sclerosis-
associated interstitial lung disease (SSc-ILD) among 
cyclophosphamide, mycophenolate mofetil, nint-
edanib, pirfenidone, tocilizumab, and rituximab.

•	 A Bayesian network meta-analysis was performed 
to compare the effects of different treatments with 
the placebo which derived from randomized con-
trolled trials on pharmacological treatments for 
SSc-ILD.

•	 Tocilizumab and rituximab may be the optimal 
interventions.
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Data Sources and Search Strategy
A systematic search was conducted to identify RCTs on 
drug treatments for SSc-ILD in Cochrane Library, Embase, 
PubMed, and Web of Science as of December 21, 2023. 
Searches were conducted using MeSH terms and free-
text terms, including systemic sclerosis, scleroderma, 
systemic, scleroderma, diffuse, lung diseases, interstitial, 
interstitial lung disease, cyclophosphamide, mycophe-
nolate mofetil, nintedanib, pirfenidone, tocilizumab, and 
rituximab (search strategy is outlined in Supplementary 
Table 1).

Study Selection
The retrieved literature was imported into End Note21. 
Duplicates were removed using both automated and 
manual identification methods. To filter out ineligible 
articles, the titles and abstracts of the remaining publi-
cations were screened. Full texts of the eligible articles 
were downloaded and further screened to identify origi-
nal research suitable for the systematic review. The liter-
ature screening process was independently conducted 
and subjected to cross-checking by 2 researchers. A 
third researcher contributed to discussions when dis-
crepancies occurred, helping the team arrive at a final 
decision.

Data Extraction
The study data were independently collected by 2 
researchers employing a data extraction form contain-
ing all required elements. The information included: 1. 
Basic information: Title, first author, year, type of study, 
intervention measures, duration of treatment, and out-
come measures. 2. Demographics: Sample size, age, sex. 
Disagreements during this process were resolved by dis-
cussion between the reviewers.

Assessment of Study Quality/Risk of Bias in Studies
Two researchers assessed the risk of bias using the RoB 
2.0 version (Cochrane; London, UK) of the Cochrane risk 
of bias tool.15 Five domains comprised the assessment 
tool: randomization process, deviations from intended 
interventions, missing outcome data, measurement 
of the outcome, and selection of the reported results. 
Ratings of low risk, high risk, or unclear were assigned 
to each domain. A study was considered to have a low 
risk of bias when all domains were classified as low risk. 
Studies were classified as having some concerns when 
at least 1 domain was noted to have some issues but 
none were at a high risk. A study received a high risk 
of bias classification if it had at least 1 domain rated as 
high risk or multiple domains marked as having some 
concerns.

Outcomes
The primary outcome measures included the FVC% pre-
dicted, DLCO% predicted, and SAEs.

Synthesis Methods
Data analysis was performed using R version 4.3.2 
(R Foundation for Statistical Computing; Vienna, Austria). 

A Bayesian random-effects model was utilized to com-
pare the effects between interventions and assess the 
efficacy of various treatment modalities. Continuous data 
were analyzed using mean differences (MDs), and binary 
data using risk ratios (RR), both with 95% CIs. Modeling 
was based on a Markov chain Monte Carlo method, 
where 4 Markov chains ran in parallel with annealing iter-
ations fixed at 2000. After 50 000 simulation iterations, 
the modeling process concluded. Model fit and over-
all consistency comparisons were performed using the 
deviance information criterion. For closed-loop networks, 
local consistency was evaluated through node-splitting 
analysis. Forest plots comparing the efficacy of differ-
ent interventions were generated, with placebo serving 
as the reference standard for comparison. Additionally, 
interventions were subjected to ranking based on the 
surface under the cumulative ranking curve (SUCRA). 
Treatment effect differences among interventions were 
compared using a league table. The limited study count 
prevented the creation of a funnel plot for publication 
bias analysis.

Results
Study Selection
A preliminary search yielded 4874 relevant articles. After 
excluding 1507 duplicates, 42 articles were retained fol-
lowing title and abstract screening. Subsequently, 42 
articles were subjected to full-text screening, resulting 
in the inclusion of 8 studies.4,5,7,8,The process of literature 
screening is illustrated in Figure 1.

Study Characteristics
A total of 8 studies involving a total of 1195 patients 
were included in this study, with authors from the 
United States, India, and Japan. The studies spanned 
from 2006 to 2021, with the majority being published 
in the last 5 years. The 1980/2013 American College of 
Rheumatology–European League Against Rheumatism 
classification criteria for systemic sclerosis were pri-
marily utilized, with interstitial lung disease confirmed 
through chest CT. The pharmacological interventions 
in the studies included cyclophosphamide, mycophe-
nolate mofetil, nintedanib, pirfenidone, tocilizumab, 
and rituximab. The basic characteristics of the included 
studies are provided in Table 1.

Assessment of Study Quality/Risk of Bias in Studies
Regarding randomization methods, 3 studies7,10,18 used 
a computer-generated random sequence, 2 studies4,8 
employed a permuted-block design, 1 study16 used a 
pseudo-random number generator, 1 study5 utilized a 
center-blocked design, and 1 study17 only mentioned 
being randomized in a 1 : 1 ratio in blocks of 10 to the 
2 study groups. In terms of allocation concealment, all 
8 studies used allocation concealment. Regarding blind-
ing, 7 studies were blinded, while only 1 study18 did not 
employ blinding. The data from all studies were com-
plete, with no evidence of selective reporting found. The 
risk of bias results for the included studies are presented 
in Figures 2 and Supplementary Figure 1.
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Meta-Analysis

Forced Vital Capacity% Predicted

1.	 Association between interventions

Eight studies4,5,7,8,10,16-18 reported the FVC% predicted, 
involving 6 drugs: cyclophosphamide, mycopheno-
late mofetil, nintedanib, pirfenidone, tocilizumab, and 
rituximab. Two studies reported pairwise comparisons 
between drugs, 5 studies reported comparisons of drugs 
with placebo, and 1 study reported pairwise compari-
sons of drugs with placebo. Among these, most studies 
were related to mycophenolate mofetil, and the graphic 
displayed a closed loop, as shown in Supplementary 
Figure 2.

2.	 Synthesized results

Analysis of the NMA revealed no significant statistical dif-
ferences (P > .05, I2 = 7%) between the 6 drugs compared 
to placebo (Figure 3), nor among the drugs themselves (P 
> .05) (Table 2). The top 3 in the SUCRA were tocilizumab 
(0.904), rituximab (0.709), and mycophenolate mofetil 
and nintedanib (0.595) (Table 5).

Diffusing Capacity of the Lungs for Carbon Monoxide% 
Predicted

1.	 Association between interventions

Four studies4,5,10,17 reported the DLCO% predicted, involv-
ing 3 drugs: cyclophosphamide, mycophenolate mofetil, 

Figure 1.  Literature screening process.
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and rituximab. One study reported pairwise compari-
sons between drugs, and 3 studies reported compari-
sons of drugs with placebo. Among these, most studies 
were related to cyclophosphamide and mycopheno-
late mofetil, and the graphic displayed a closed loop, as 
shown in Supplementary Figure 3.

2.	 Synthesized results

The NMA results indicated no significant statistical differ-
ences (P > .05, I2 = 2%) between the 3 drugs compared to 
placebo (Figure 4) nor among the drugs themselves (P 
> .05) (Table 3). The top 3 in the SUCRA were rituximab 
(0.842), mycophenolate mofetil (0.566), and placebo 
(0.365) (Table 5).

Serious Adverse Events

1.	 Association between interventions

Six studies4,5,10,16-18 reported the incidence of SAEs, involv-
ing 4 drugs: cyclophosphamide, mycophenolate mofetil, 
nintedanib, rituximab. Two studies conducted pairwise 

comparisons of drugs; 3 studies compared drugs with 
placebo; and 1 study reported both comparisons. Among 
the 4 drugs, mycophenolate mofetil was reported most 
frequently, and there was closed loops, as shown in 
Supplementary Figure 4.

2.	 Synthesized results

Network meta-analysis results indicated no significant 
statistical differences between placebo and the 4 drugs 
(P > .05, I2 = 16%) (Figure 5), and there was no significant 
statistical difference between the drugs (P > .05). (Table 4). 
According to the SUCRA rankings, the top 3 drugs are 
rituximab (0.591), oral cyclophosphamide (0.585), and 
mycophenolate mofetil (0.585) (Table 5).

Discussion

Summary of Evidence
This study included 8 RCTs involving 6 drugs (cyclo-
phosphamide, mycophenolate mofetil, nintedanib, pir-
fenidone, tocilizumab, rituximab) and placebo, totaling 
1195 patients with SSc-ILD. In terms of improving lung 

Figure 2.  Risk of bias graph.

Figure 3.  Forest plot for the meta-analysis of FVC% predicted between placebo and drugs.
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function, the 6 drugs exhibited no statistically significant 
variances compared to placebo, nor between-drug sig-
nificant differences. In improving FVC, tocilizumab, and 
rituximab ranked the highest in SUCRA. In improving 
DLCO, rituximab and mycophenolate mofetil ranked the 
highest. Regarding safety, the 4 drugs similarly demon-
strated no statistically significant differences compared 
to placebo, nor among themselves, with rituximab rank-
ing the highest in SUCRA. Although no statistically sig-
nificant differences were noted between the drugs upon 
comparison, from the evidence, tocilizumab may have 
the optimal effect in slowing the decline of FVC, ritux-
imab may be most effective in improving DLCO, and it 
demonstrated the optimal safety profile in terms of SAEs.

Evidence Analysis
Tocilizumab is a recombinant humanized monoclonal 
antibody against the human interleukin-6 (IL-6) receptor. 
It is traditionally utilized for treating rheumatoid arthritis. 
Early studies found that blood IL-6 levels were increased 
in patients with systemic sclerosis, especially in dcSSc, 
which was closely related to the development of skin 
fibrosis and interstitial pneumonia. Inhibiting the IL-6 
signaling pathway using tocilizumab may reduce skin 
fibrosis in patients with systemic sclerosis.19-21 The Phase 
II fascinate22 trial suggested that tocilizumab might delay 
the decline in FVC% in patients with SSc-ILD. Subsequent 

phase III focuSSced study8 further validated this observa-
tion, showing a 6.4% difference in the mean change in 
FVC% predicted between tocilizumab and placebo in the 
interstitial lung disease subgroup, indicating that tocili-
zumab effectively preserves lung function. Therefore, the 
FDA has approved subcutaneous tocilizumab for slowing 
the rate of lung function decline in adult patients with 
SSc-ILD. Post hoc analyses of focuSSced showed that in 
SSc-ILD patients with mild (lung involvement > 5%-10%), 
moderate (lung involvement > 10%-20%), and severe 
(lung involvement > 20%) disease, as assessed by quanti-
tative interstitial lung disease based on HRCT, the mean 
changes in FVC% in the TCZ group at Week 48 were −4.1, 
0.7, and 2.1, vs. −10.0, −5.7, and −6.7, in the placebo group.23 
This suggested that tocilizumab may benefit SSc-ILD 
patients across varying degrees of lung function impair-
ment. Contrary to the previous approach of initiating 
treatment only when clinical symptoms or lung function 
deterioration become evident, results obtained from the 
focuSSced study suggested that early intervention in 
patients with early-stage ILD to prevent disease progres-
sion may be a viable treatment option. A meta-analysis 
indicated that compared to placebo, tocilizumab may 
slow the progression of SSc-ILD, although the level of evi-
dence is very low.24 A large, propensity-score-matched, 
controlled observational real-life EUSTAR study25 did not 
reveal significant differences of tocilizumab in improving 

Table 3.  League Table for the Effects of Drugs for DLCO% Predicted

​ Mycophenolate Mofetil Oral Cyclophosphamide Placebo Rituximab
Mycophenolate mofetil Mycophenolate mofetil −1.59 (−5.46, 2.26) −0.71 (−6.08, 4.78) 1.54 (−4.47, 7.64)

Oral cyclophosphamide 1.59 (−2.26, 5.46) Oral cyclophosphamide 0.91 (−3.86, 5.76) 3.15 (−2.33, 8.73)

Placebo 0.71 (−4.78, 6.08) −0.91 (−5.76, 3.86) Placebo 2.24 (−0.57, 5.06)

rituximab −1.54 (−7.64, 4.47) −3.15 (−8.73, 2.33) −2.24 (−5.06, 0.57) Rituximab

Figure 4.  Forest plot for the meta-analysis of DLCO% predicted between placebo and drugs.

Figure 5.  Forest plot for the meta-analysis of SAEs between placebo and drugs.
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skin and lung function compared to other treatments. 
Nevertheless, the consistent direction of all predefined 
outcome measures raises hypotheses regarding poten-
tial efficacy in a broader SSc population. The sample size 
of the study is relatively small, and all the enrolled sub-
jects were patients with early-stage dcSSc and mild lung 
function impairment, with the disease in an active phase. 
Given these limitations, further high-quality clinical trials 
are necessary to validate these findings.

Rituximab is a chimeric monoclonal antibody, it can spe-
cifically bind to the transmembrane antigen CD20 on 
B-cell surfaces and is mainly used for treating lymphoma 
and chronic lymphocytic leukemia. Additionally, ritux-
imab can inhibit B cells involved in treating autoimmune 
diseases such as granulomatosis with polyangiitis, rheu-
matoid arthritis, and microscopic polyangiitis. Systemic 
sclerosis is also classified as an autoimmune disorder, 
with considerable research focused on the utilization of 
rituximab for treatment. Multiple studies have demon-
strated that rituximab can effectively delay the decline 
in lung function. A multicenter, open-label, comparative 
study revealed that rituximab is more effective than tra-
ditional treatments such as mycophenolate mofetil. This 
therapy showed an increase in FVC% at 2 years of treat-
ment.9 However, a prospective study from the EUSTAR 
indicated that after a median follow‐up of 2 years, ritux-
imab significantly improved skin fibrosis but did not 
show a significant effect on lung function improvement.26 
The NMA revealed that rituximab exhibited no signifi-
cant statistical difference when compared with placebo. 
However, the SUCRA suggested that the effectiveness of 
rituximab was second only to tocilizumab, and rituximab 
outperformed immunosuppressive agents in improving 
DLCO%. Regarding the efficacy of rituximab, 2 studies 
were included: 1 non-blinded RCT compared rituximab 
with intravenous cyclophosphamide, and 1 double-blind 
RCT compared rituximab with placebo. Both studies indi-
cated that rituximab has a favorable effect on delaying 
the decline in lung function and can even improve lung 
function. In the DESIRES trial,10 most patients had mild 
lung function impairment, and approximately 80% of 
the patients had dcSSc. There was a 2.96% difference in 
FVC% predicted between rituximab and placebo. In the 
study by Sircar et al,18 all enrolled patients had dcSSc and 
moderate lung function impairment with high modi-
fied Rodnan skin score (mRSS) scores, and rituximab was 
found to be more significantly effective than intravenous 
cyclophosphamide. Nevertheless, the number of par-
ticipants was small and the follow-up duration for both 
studies was only 6 months.

In previous years, treatment options for SSc-ILD were 
limited. Based on the results of the SLS-I study, 1 year of 
oral cyclophosphamide in patients with SSc-ILD dem-
onstrated a significant yet modest favorable impact 
on lung function. Cyclophosphamide is the most used 
immunosuppressant;27 however, its usage is restricted 
due to its associated side effects such as leukopenia and Ta

b
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neutropenia. A retrospective analysis of SLS-I study indi-
cated that the severity of reticular infiltrates on baseline 
HRCT and the baseline mRSS might have the ability to 
predict patient response to CYC (Cyclophosphamide)
therapy, and CYC produced stronger effects in those 
with more severe skin and/or lung disease.28 In the CYC 
group, the mean FVC improvement in those with base-
line FVC < 70% predicted was 4.62% at 12 months and 
6.8% at 18 months, while in patients with baseline FVC > 
70% predicted, the mean treatment effect was 0.55% at 12 
months and 2.67% at 18 months.29 Therefore EULAR sug-
gests the use of CYC for SSc-ILD, especially for patients 
with progressive lung disease.30

The SLS-II study5 demonstrated that a 2-year course of 
mycophenolate mofetil exhibited comparable efficacy 
to a 1-year regimen of cyclophosphamide in enhancing 
FVC% predicted, with fewer side effects. Of the partici-
pants, 58% had dcSSc, and the majority had moderate 
lung function impairment. Post hoc analyses showed 
significant increases from baseline in FVC% predicted in 
both treatment groups, not only at months 12 and 18 but 
also at months 21 and 24. A meta-analysis also reached 
the same conclusion,11 and mycophenolate mofetil is 
gradually becoming an alternative treatment to cyclo-
phosphamide. However, the SLS-II study was con-
strained by certain limitations, notably the absence of a 
placebo-controlled comparison. An analysis incorporat-
ing data from both the SLS-I and SLS-II studies revealed 
notable improvements in FVC% predicted and DLCO% 
predicted with mycophenolate mofetil in comparison to 
placebo.31 The subgroup analysis of the SENSCIS study 
showed that compared to placebo, mycophenolate 
mofetil combined with nintedanib was the most effec-
tive in reducing the annual rate of FVC% (−0.9), but no 
significant heterogeneity was found when it compared 
to nintedanib alone.16 Nevertheless, this finding provides 
a new perspective on the potential for combination 
therapy in the treatment of SSc-ILD. However, Naidu 
et  al17 suggested that mycophenolate mofetil had no 
significant effect in treating patients with mild pulmo-
nary impairment (baseline FVC%% ≥ 70% of predicted), 

although the study had a small sample size and short 
treatment duration.

Nintedanib and pirfenidone have been approved by 
the FDA for treating IPF. Moreover, given the clinical 
and pathological similarities between IPF and SSc-ILD, 
considerable research efforts are currently underway to 
explore their therapeutic applicability in the latter con-
dition. In the SENSCIS study,6 51.9% of the patients had 
dcSSc, with most experiencing moderate lung function 
impairment. Nintedanib, when compared to placebo, 
decreased the annual rate of decline in FVC% by 1.2 over 
a 52-week period. However, it’s noteworthy that 48.4% of 
patients enrolled in this study were concurrently receiv-
ing mycophenolate mofetil. Subgroup analysis showed a 
reduction in the annual rate of decline in FVC% of 1.5 with 
nintedanib compared to placebo.16 Based on this study, 
nintedanib also obtained FDA approval for the treatment 
of SSc-ILD.

A 24-week prospective controlled cohort study sug-
gested that pirfenidone in combination with immuno-
suppressants can significantly improve FVC% predicted 
in SSc-ILD.32 Acharya7 conducted the only RCT of pirfeni-
done treatment for SSc-ILD to date. However, pirfenidone 
failed to improve the FVC% predicted in this study. This 
study also had a limited participant cohort and a treat-
ment duration of only 6 months. Subsequent clinical trials 
are imperative to corroborate the efficacy of pirfenidone.

In terms of safety, the NMA demonstrated that differ-
ent agents did not increase the risk of SAEs in SSc-ILD 
patients compared to the placebo. The SUCRA suggested 
that rituximab may have the least possibility of inducing 
SAEs. One patient died of severe pulmonary hyperten-
sion after 5 months of treatment, which may be related to 
the disease process. One patient developed severe hypo-
albuminemia, which led to the discontinuation of treat-
ment. Cyclophosphamide was associated with a higher 
incidence of adverse reactions compared to mycopheno-
late mofetil, such as bone marrow suppression. However, 
the incidence of SAEs was similar between the 2 drugs. 

Table 5.  Bayesian NMA Probabilities and Rankings of Drugs in Primary Outcome Measures

Interventions
FVC% DLCO% SAEs

SUCRA Rank SUCRA Rank SUCRA Rank
Intravenous cyclophosphamide 0.158 9 / / 0.223 7

Oral cyclophosphamide 0.528 4 0.226 4 0.585 2

Mycophenolate mofetil 0.397 6 0.566 2 0.585 3

Nintedanib 0.469 5 / / 0.530 5

Mycophenolate mofetil and nintedanib 0.595 3 / / 0.439 6

Pirfenidone 0.384 7 / / / /

Tocilizumab 0.904 1 / / / /

Rituximab 0.709 2 0.842 1 0.591 1

Placebo 0.354 8 0.365 3 0.544 4
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Unfortunately, no data on the safety of tocilizumab and 
pirfenidone were included.

Erre et  al14 conducted an NMA of 8 interventions for 
the treatment of SSc-ILD, excluding the focuSSced and 
DESIRES studies but including pomalidomide, cyclo-
phosphamide plus high dose prednisone followed by 
azathioprine. In the SENSICS study, which included nint-
edanib, there was co-administration with mycopheno-
late mofetil, but further subdivision was not conducted. 
The FVC% predicted, DLCO% predicted, SAEs, and mor-
tality were studied. Compared with the placebo group, 
only rituximab significantly improved FVC% predicted 
(SMD = 1.00, 95% CI (0.39-1.61)). There was no significant 
advantage of other drugs compared with the placebo 
group. Compared with the placebo group, various drugs 
had no significant advantage in improving DLCO%, and 
no significant difference was noted in SAEs and mor-
tality. The study indicated that rituximab, compared 
to placebo, exhibited no significant difference in FVC% 
predicted. However, data from the DESIRES study were 
included, which conversely suggested a significant 
improvement in FVC% predicted with rituximab. This 
inconsistency may be attributed to the larger overall 
participant pool in the study, although the number of 
participants in both rituximab studies is relatively mod-
est. Flórez-Suárez et al13 conducted an NMA on various 
interventions for treating SSc-ILD, including nintedanib, 
mycophenolate mofetil, and cyclophosphamide. The 
analysis included outcome measures of decrease >5% 
FVC and decrease >10% FVC. The results showed that 
compared to placebo, none of the medications demon-
strated a significant advantage (OR = 0.40, 95% CI (0.21 to 
0.78)), (OR = 0.75, 95% CI (0.42 to 1.33)). Although the out-
come measures for FVC were different, their conclusion 
is similar to the study’s findings.

Strengths and Limitations
Pharmacotherapy of SSc-ILD is currently a prominent 
area of research, with a growing number of studies 
investigating various drugs. However, evidence compar-
ing the efficacy and safety of these drugs remains lim-
ited. In this NMA, widely used drugs for treating SSc-ILD 
were updated to compare efficacy and safety differences 
among them. Moreover, strict inclusion and exclusion cri-
teria were utilized, incorporating only RCTs. The included 
studies were published in high-quality journals, thereby 
yielding robust evidence. The study has certain limita-
tions. First, the number of included RCTs was relatively 
small, and many studies had limited sample sizes, which 
may have affected the robustness of the data analysis. 
Secondly, there were differences in patient characteris-
tics across studies, such as the degree of lung function 
impairment, the proportion of lcSSc and dcSSc, mRSS 
scores, and the extent of ILD on HRCT, which poten-
tially impacted the robustness of the evidence. The 
FVC changes over time showed remarkable similarity 
between lcSSc and dcSSc in SSc-ILD according to some 
studies, which supports the inclusion of lcSSc patients in 

SSc-ILD trials and suggests potential benefits from anti-
ILD drugs.33 Thirdly, owing to disparities in methods and 
course of treatment, meta-regression analysis could not 
be conducted. Certain outcome measures in the study, 
such as DLCO% and the incidence of SAEs, rely on a 
restricted number of primary articles, potentially affect-
ing the outcomes.

Based on the evidence gleaned from this study, com-
pared to placebo, 6 drugs (cyclophosphamide, myco-
phenolate mofetil, nintedanib, pirfenidone, tocilizumab, 
rituximab) showed no significant statistical differences in 
efficacy and safety. However, as per the SUCRA results, 
except for intravenous cyclophosphamide, the drugs 
mentioned above are effective in the treatment of SSc-
ILD, the biologics tocilizumab and rituximab may be 
the optimal interventions. Given the current scarcity of 
head-to-head studies, and differences in the number of 
enrolled patients, disease subset, mRSS, lung function, 
HRCT, and treatment courses across various studies, 
the certainty of the evidence is low, therefore additional 
high-quality RCTs are imperative to further corroborate 
the efficacy and safety of these medications. For exam-
ple, relevant head-to-head studies on direct comparisons 
of biologics with antifibrotic drugs and immunosuppres-
sants, and even comparisons between biologics should 
be conducted in systemic sclerosis patients with lung 
function impairment at different stages and different 
disease subsets.
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Supplementary Table 1.  Search strategy

(((((((Cyclophosphamide[MeSH Terms]) OR (Cyclophosphamide[Title/Abstract])) OR ((Mycophenolic Acid[MeSH 
Terms]) OR (mycophenolate mofetil[Title/Abstract]))) OR ((Rituximab[Title/Abstract]) OR (Tocilizumab tocilizumab 
[Supplementary Concept]))) OR ((Nintedanib[Title/Abstract]) OR (nintedanib [Supplementary Concept]))) OR 
((pirfenidone[Title/Abstract]) OR (pirfenidone [Supplementary Concept]))) OR ((Tocilizumab[Title/Abstract]) OR 
(tocilizumab [Supplementary Concept]))) AND ((((((((((((((((((((((((((((Lung Diseases, Interstitial[MeSH Terms]) OR (Diffuse 
Parenchymal Lung Disease[Title/Abstract])) OR (Interstitial Lung Diseases[Title/Abstract])) OR (Diffuse Parenchymal 
Lung Diseases[Title/Abstract])) OR (Interstitial Lung Disease[Title/Abstract])) OR (Lung Disease, Interstitial[Title/
Abstract])) OR (Pneumonia, Interstitial[Title/Abstract])) OR (Interstitial Pneumonia[Title/Abstract])) OR (Interstitial 
Pneumonias[Title/Abstract])) OR (Pneumonias, Interstitial[Title/Abstract])) OR (Pneumonitis, Interstitial[Title/Abstract])) 
OR (Interstitial Pneumonitides[Title/Abstract])) OR (Interstitial Pneumonitis[Title/Abstract])) OR (Pneumonitides, 
Interstitial[Title/Abstract])) OR (interstitial lung disease[Title/Abstract])) OR (diffuse interstitial pneumopathy[Title/
Abstract])) OR (diffuse parenchyma lung disease[Title/Abstract])) OR (diffuse parenchymal pulmonary disease[Title/
Abstract])) OR (diffuse parenchymal pulmonary disorder[Title/Abstract])) OR (interstitial lung disorder[Title/Abstract])) 
OR (interstitial pneumopathy[Title/Abstract])) OR (interstitial pulmonary disease[Title/Abstract])) OR (interstitial 
pulmonary disorder[Title/Abstract])) OR (lung diseases, interstitial[Title/Abstract])) OR (pneumopathy, interstitial[Title/
Abstract])) OR (interstitial lung disease[Title/Abstract])) OR (Lung Diseases, Interstitial[Title/Abstract])) AND 
(((((((((((((((((((((((((((((((((Scleroderma, Diffuse[MeSH Terms]) OR (Scleroderma, Systemic[MeSH Terms])) OR (Scleroderma, 
Systemic[Title/Abstract])) OR (Scleroderma, Diffuse[Title/Abstract])) OR (Systemic Sclerosis[Title/Abstract])) OR (Sclerosis, 
Systemic[Title/Abstract])) OR (Systemic Scleroderma[Title/Abstract])) OR (Scleroderma, Progressive[Title/Abstract])) OR 
(Progressive Scleroderma[Title/Abstract])) OR (Diffuse Cutaneous Systemic Sclerosis[Title/Abstract])) OR (Sudden Onset 
Scleroderma[Title/Abstract])) OR (Scleroderma, Sudden Onset[Title/Abstract])) OR (Sclerodermas, Sudden Onset[Title/
Abstract])) OR (Sudden Onset Sclerodermas[Title/Abstract])) OR (Diffuse Systemic Sclerosis[Title/Abstract])) OR (Diffuse 
Systemic Scleroses[Title/Abstract])) OR (Scleroses, Diffuse Systemic[Title/Abstract])) OR (Sclerosis, Diffuse Systemic[Title/
Abstract])) OR (Systemic Scleroses, Diffuse[Title/Abstract])) OR (Systemic Sclerosis, Diffuse[Title/Abstract])) OR (Diffuse 
Scleroderma[Title/Abstract])) OR (Sclerosis, Progressive Systemic[Title/Abstract])) OR (Progressive Systemic Sclerosis[Title/
Abstract])) OR (Systemic Sclerosis, Progressive[Title/Abstract])) OR (generalised scleroderma[Title/Abstract])) OR 
(generalised scleroderma[Title/Abstract])) OR (progressive sclerodermia[Title/Abstract])) OR (progressive sclerosis, 
systemic[Title/Abstract])) OR (scleroderma, generalized[Title/Abstract])) OR (scleroderma, generalized[Title/Abstract])) 
OR (scleroderma, systemic[Title/Abstract])) OR (sclerosis, systemic progressive[Title/Abstract])) OR (systemic progressive 
sclerosis[Title/Abstract])))



Supplementary Figure 1.  Risk of bias summary.



Supplementary Figure 4.  Network diagram for SAEs in 
the treatment of SSc-ILD with drugs.

Supplementary Figure  3.  Network diagram for the 
treatment effects of drugs for DLCO% predicted in 
patients with SSc-ILD.

Supplementary Figure  2.  Network diagram for the 
treatment effects of drugs for FVC% predicted in 
patients with SSc-ILD.


