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Comparison of Efficacy and Safety of 
Different Medication Protocols in Patients 
with Immunoglobulin G4–Related Disease 
Based on Follow-up Time: A Systematic 
Review and Network Meta-analysis

ABSTRACT

Background/Aims: Glucocorticoids (GCs) and disease-modifying anti-
rheumatic drugs (DMARDs) are commonly used drugs in the treatment 
of immunoglobulin G4–related disease (IgG4-RD). However, no broad con-
sensus is available on their intervention effects. Therefore, the efficacy and 
safety of different medication protocols in the treatment of IgG4-RD were 
assessed in this systematic review and network meta-analysis.

Materials and Methods: This study was conducted following the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses. RStudio and 
Stata 15.1 were used for data analysis.

Results: The results showed that in terms of improvement of remission 
rates, GCs + DMARDs had the strongest overall efficacy [surface under 
the cumulative ranking curve (SUCRA) = 82.9%], and DMARDs were the 
most effective within 12 months during follow-up (SUCRA = 82.5%), while 
GCs + DMARDs were the most effective over 12 months during follow-up 
(SUCRA = 83.2%). In terms of reduction of relapse rates, the overall efficacy 
of GCs + DMARDs was the strongest (SUCRA = 83.5%), and GCs + DMARDs 
performed the best both within and over 12 months during follow-up. The 
adverse reaction rates were 38.9%, 5.3%, and 33.3%, respectively, among 
patients treated with GCs + DMARDs, DMARDs, and GCs.

Conclusion: The GCs + DMARDs are recommended for short-term improve-
ment of remission rates and reduction of relapse rates, as well as for achiev-
ing long-term efficacy.

Keywords: DMARDs, follow-up time, glucocorticoids, IgG4-related disease, 
network meta-analysis

Introduction

Immunoglobulin G4 (IgG4)–related disease (IgG4-RD), an immune-medi-
ated systemic fibroinflammatory disease, is characterized by active multi-
organ lesions, IgG4-positive plasma cell infiltration, and elevated serum IgG4 
concentrations.1-3 Patients with IgG4-RD usually present with enlargement 
and fibrosis of a single or multiple organs or tissues, including the pancreas, 
bile ducts, salivary glands, retroperitoneum, sinuses, and orbits,4,5 which can 
lead to symptoms of obstruction or compression and irreversible organ dam-
age. Therefore, early identification and prompt appropriate treatment of 
IgG4-RD are critical, and tumor-like lesions or even organ failure may occur 

Yanwen Liu

Xianghui Fu

Youqun Zhang

Yan Zheng

Junfeng Jia

Zhaohui Zheng

Ping Zhu

Kui Zhang

Department of Clinical 
Immunology, Xijing Hospital, Fourth 
Military Medical University, Xi'an, 
China

Corresponding author: 
Kui Zhang 
 zhk100@fmmu.edu.cn

Received date: August 22, 2025 
Revision requested: 
September 29, 2025 
Last revision received: 
October 13, 2025 
Accepted: October 21, 2025 
Publication Date: January 16, 2026

Cite this article as: Liu Y, Fu X, 
Zhang Y, et al. Comparison of 
efficacy and safety of different 
medication protocols in patients 
with immunoglobulin G4–related 
disease based on follow-up time: 
A systematic review and network 
meta-analysis. ArchRheumatol. 
2026;41(1):3-13.

1

41

Archives of Rheumatology 2026;41(1):3-13
10.5152/ArchRheumatol.2026.25136

Copyright@Author(s) - Available online at archivesofrheumatology.com. 
Content of this journal is licensed under a Creative Commons  
Attribution (CC BY) 4.0 International License.

http://orcid.org/0009-0003-5819-7264
http://orcid.org/0000-0002-3367-2132
http://orcid.org/0009-0002-3742-9188
http://orcid.org/0009-0002-4884-9065
http://orcid.org/0000-0003-2764-970X
http://orcid.org/0000-0003-4807-0406
http://orcid.org/0000-0002-8391-4945
http://orcid.org/0000-0002-5578-0142
mailto:zhk100@fmmu.edu.cn


Archives of Rheumatology 2026;41(1):3-13� Liu et al. Treatments for IgG4-RD Compared

4

if no prompt and effective treatment is available,6 greatly 
affecting the quality of life and longevity of patients.

Glucocorticoids (GCs) and disease-modifying antirheu-
matic drugs (DMARDs) are the commonly used drugs in 
the treatment of IgG4-RD nowadays. In particular, GCs 
can rapidly ameliorate clinical symptoms and reduce lev-
els of blood biochemical indicators since most patients 
are sensitive to steroid therapy, but up to 40% of patients 
experience a relapse within the first year post-treatment.7 
In addition, long-term use of GCs may lead to a series of 
adverse reactions, such as infection, glucose intolerance, 
and osteoporosis.8 Increasingly more novel DMARDs have 
been applied in the treatment of IgG4-RD in recent years, 
such as abatacept and iguratimod,9,10 achieving favor-
able effects. Different conclusions were made in several 
studies regarding the efficacy of GCs + DMARDs vs. GCs 
on IgG4-RD. Some studies held that GCs + DMARDs are 
superior to GCs in controlling the condition and reduc-
ing relapse,11,12 while some showed no difference in the 
relapse rate between the 2 medication protocols.13,14

In addition, most studies disagree on which medication 
protocol is the most effective at different follow-up times. 
Research suggested that the remission rate is higher 
when DMARDs are used than when GCs or GCs + DMARDs 
are used at 6 months during follow-up,15 while others 
showed that DMARDs produce a lower remission rate 
than GCs over 5 years during follow-up.16 Therefore, a net-
work meta-analysis (NMA) was carried out on 4 different 

medication protocols (GCs, DMARDs, GCs + DMARDs, 
and watchful waiting) to compare their efficacy in the 
treatment of IgG4-RD, and subgroup analyses were per-
formed based on different follow-up times, thereby clari-
fying the efficacy and safety of each protocol.

Methods

Study Registration
This NMA was conducted fully following the Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA)17 to improve the quality of reporting 
of meta-analyses, and the PRISMA checklist is available 
in Supplementary Table 1. The study protocol had been 
registered with PROSPERO (CRD42024521672).

Literature Search Strategy
A search was carried out in 4 English databases (PubMed, 
Embase, Web of Science, and Cochrane Library) in this 
NMA from inception to December 25, 2024. Medical sub-
ject headings plus text words were used in the search, 
including “IgG4-related disease,” “glucocorticoids,” 
“immunosuppressants,” “biologics,” “disease-modifying 
antirheumatic drugs,” “rituximab,” “retrospective stud-
ies,” “prospective studies,” “cohort studies,” and “case-
control studies.” The search strategy was modified 
according to the database characteristics and Participant, 
Intervention, Comparison, Outcome, and Study (PICOS) 
principle.18 A manual search was also conducted to iden-
tify potentially missing relevant studies. The complete 
search method is described in Supplementary Table 2.

Eligibility Criteria
All included studies followed the PICOS principle:

Participant: 1) Patients diagnosed with IgG4-RD based on 
the recognized diagnostic criteria at the time of publica-
tion, regardless of gender, race, ethnicity, duration of dis-
ease, and etiology; 2) Patient age ≥14 years.

Intervention: GCs, DMARDs, or GCs + DMARDs were given 
to the patients in the intervention group. The dura-
tion of treatment was at least 3 months. The DMARDs 
included conventional DMARDs (cDMARDs) and biologi-
cal DMARDs (bDMARDs), the former of which included 
drugs such as mycophenolate mofetil, cyclophospha-
mide, and methotrexate, and the latter of which included 
drugs such as rituximab (RTX) and abatacept.

Comparison: Only watchful waiting was adopted in the 
control group. Watchful waiting was defined as tempo-
rarily performing no immediate treatment after IgG4-RD 
diagnosis but observing disease progression through reg-
ular monitoring and follow-up.

Outcome: 1) Remission rate. Disease remission was 
defined as improvement in related symptoms of IgG4-RD, 
reduction in the number of involved lesions, or a decrease 
in the IgG4-RD response index of ≥2 from baseline;19,20 2) 
Relapse rate. Disease relapse was defined as recurrence 
of enlargement of involved organs and/or worsening of 

MAIN POINTS
•	 First comprehensive network meta-analysis com-

paring the efficacy and safety of 4 treatment pro-
tocols (glucocorticoids (GCs), disease-modifying 
antirheumatic drugs (DMARDs), GCs + DMARDs, 
watchful waiting) for immunoglobulin G4-related 
disease (IgG4-RD) with stratified analysis by follow-
up duration (≤/>12 months).

•	 Combination therapy superiority: The GCs + DMARDs 
demonstrated the strongest overall efficacy for 
improving remission rates surface under the cumu-
lative ranking curve (SUCRA = 82.9%) and reducing 
relapse rates (SUCRA = 83.5%), outperforming mono-
therapies and watchful waiting across all time 
frames.

•	 Safety profile: The DMARDs had the lowest adverse 
reaction rate (5.3%), significantly lower than GCs 
(33.3%) and GCs + DMARDs (38.9%). Common adverse 
events included infections, glucose intolerance, and 
gastrointestinal reactions.

•	 Clinical recommendation: The GCs + DMARDs is 
recommended as the preferred regimen for both 
short-term disease control and sustained long-term 
management of IgG4-RD, balancing efficacy with 
manageable toxicity.
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imaging findings, with or without a re-increase in serum 
IgG4 levels;21 3) Adverse reactions.

Study: Observational studies. Minimum sample size ≥5.

Exclusion criteria: 1) Meta-analyses, reviews, or guide-
lines; 2) conference papers, replies, or comments; 3) case 
reports; 4) animal or in vitro experimental studies; 5) stud-
ies published in a language other than English; 6) dupli-
cate publications; 7) incorrect or incomplete data; and 8) 
unavailable full text.

Data Extraction
After duplicate publications were eliminated using 
EndNote20, 2 reviewers were independently responsible 
for screening titles and abstracts from the search results, 
and then conducting a full-text search to identify eligible 
studies based on the inclusion and exclusion criteria. In 
case of disagreement, they could discuss or consult a 
third reviewer for resolution. A standardized data collec-
tion form was used for data extraction, including main 
author, country, and year of publication of the included 
studies, sample size, mean age, and clinical characteris-
tics of the participants, treatment protocols for IgG4-RD, 
duration of follow-up, remission and relapse rates, and 
all adverse reactions (infections, osteoporosis, diabetes 
mellitus, hypertension, and hepatic dysfunction) in each 
group.

Quality Assessment
The quality assessment of the included studies was per-
formed by 2 reviewers using the Newcastle–Ottawa Scale 
(NOS),22 covering study population selection, compara-
bility, and outcome. The semi-quantitative principle of 
a star scale was used with a maximum of 9 stars, and 
each item was assessed at a maximum of 1 star, except 
for comparability which was assessed at a maximum of 2 
stars. A higher score suggested a higher quality of study. 
Any disagreements were resolved by discussion with a 
third reviewer.

Synthesis Methods
Bayesian NMA was carried out, and the Stata 15.1 
(StataCorp LLC; College Station, TX, USA) “network” com-
mand and the RStudio 4.3.2 (Posit PBC; Boston, MA, USA) 
“gemtc” and “coda” packages were used for statistical 
analyses. The Markov Chain Monte Carlo method was uti-
lized for modeling, with 4 simultaneous Markov chains 
running and the number of iterations set to 20 000, and 
the modeling was completed after 50 000 simulation 
iterations. For dichotomous variables, relative risk (RR) 
was used as the effect size index, along with a 95% CI, and 
the difference was considered statistically significant 
between 2 groups when the 95% CI of RR did not contain 
1. Whether the overall consistency and inconsistency of 
the model fit were uniform was compared by the devi-
ance information criterion (DIC). The DIC difference <5 
was deemed uniform between overall consistency and 
inconsistency, and vice versa. The nodal split method was 
used for further local consistency testing in the case of 

a closed loop, and P < .05 suggested local inconsistency 
in 2 interventions. Heterogeneity was assessed using the 
I2 statistic, and the estimated I2 >50% suggested high 
heterogeneity. In addition, the interventions were ranked 
based on the surface under the cumulative ranking curve 
(SUCRA), and the differences in their efficacy were dis-
played using a rankogram. The closer the SUCRA value 
was to 100%, the higher the likelihood that the inter-
vention was the optimal protocol. Publication bias tests 
were performed using the funnel plot on the results that 
included more than 10 studies. Subgroup analyses were 
also conducted on the relapse and remission rates when 
different medication protocols were adopted at different 
follow-up time.

Results

Study Selection
Initially, 1766 records were retrieved using the literature 
search strategy. After 676 duplicates were deleted, 1090 
records were obtained, of which 863 were excluded 
based on the title and abstract. After the full-text search, 
34 eligible studies were acquired finally,6,9,11,12,14-16,19,23-48 and 
were included in this study, all of which had been pub-
lished. The literature screening procedure is described in 
Figure 1.

Study Characteristics
In the 34 observational studies included, 4337 patients 
underwent one of the 4 treatments for IgG4-RD. These 
studies were from Asia (n = 21), North America (n = 7), 
and Europe (n = 6). The duration of follow-up was 3-240 
months. All studies were published in English from 2008 
to 2023. The characteristics of the included studies are 
shown in Supplementary Table 3.

Quality Assessment Results
The quality of the included studies was evaluated 
using the NOS and assessed the selection bias of each 
included study from the “Selection,” “Comparability,” and 
“Outcome” domains. The highest score in the “Selection” 
domain was 4, and all included studies were scored ≥3; 
the highest score in the “Comparability” domain was 2, 
and 16 out of the 34 included studies were scored 2; the 
highest score in the “Outcome” domain was 3, and all 
included studies were scored ≥2. The results of the quality 
assessment of the included studies using NOS revealed 
that all studies had high methodological quality, with 13 
studies scoring 7, 14 studies scoring 8, and 7 studies scor-
ing 9. The risk of bias for the included studies is displayed 
in Supplementary Table 3.

Meta-Analysis

Remission: Seventeen studies involving 2749 patients 
were included.9,11,12,15,16,19,23,28,29,32,37,43-46,48 The network diagram 
comparing the overall remission rates among medication 
protocols is shown in Figure 2A. The network diagram 
comparing the remission rates within 12 months 
(included) during follow-up and the network diagram 
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comparing the remission rates over 12 months during 
follow-up are shown in Supplementary Figure 1A, 2A, 
respectively.

It was found by the meta-analyses on the overall 
remission rates of different medication protocols that 
GCs + DMARDs (RR = 1.65, 95% CI: 1.23-2.25), GCs (RR = 1.46, 
95% CI: 1.13-1.92), and DMARDs (RR = 1.62, 95% CI: 1.14-2.33) 
all achieved higher remission rates than watchful waiting 

(Figure 2C). In the rankogram, GCs+DMARDs ranked first 
(SUCRA = 82.9%), followed by DMARDs (74.0%) and GCs 
(42.7%) (Figure 2B).

The results of meta-analyses on the remission rates 
within 12 months during follow-up revealed that the 
remission rates of GCs + DMARDs (RR = 1.94, 95% CI: 1.07-
3.49) and DMARDs (RR = 2.09, 95% CI: 1.09-4.11) were 
higher than watchful waiting (Supplementary Figure 1C). 

Figure 1.  Literature screening procedure.
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In the rankogram, DMARDs ranked first (SUCRA = 82.5%), 
followed by GCs + DMARDs (73.3%) and GCs (42.2%) 
(Supplementary Figure 1B).

By the meta-analyses on the remission rates over 
12 months during follow-up, no statistically signifi-
cant difference was found in the pairwise compari-
son of medication protocols (P > .05) (Supplementary 
Figure 2C). In the rankogram, GCs + DMARDs ranked first 
(SUCRA = 83.2%), followed by DMARDs (54.8%) and GCs 
(53.0%) (Supplementary Figure 2B).

Relapse: Twenty-seven studies involving 4106 patients 
were included.11,12,14,15,23-48 The network diagram comparing 
the overall relapse rates among medication protocols is 
shown in Figure 3A. The network diagram comparing the 

relapse rates within 12 months during follow-up and the 
network diagram comparing the relapse rates over 12 
months during follow-up are shown in Supplementary 
Figure 3A, 4A, respectively.

It was found by the meta-analyses on the overall relapse 
rates of different medication protocols that GCs + DMARDs 
achieved lower relapse rates than GCs (RR = 0.58, 95% CI: 
0.43-0.77) (Figure 3C). In the rankogram, GCs + DMARDs 
ranked first (SUCRA = 83.5%), followed by watchful wait-
ing (64.5%) and DMARDs (43.9%) (Figure 3B).

The results of meta-analyses on the relapse rates within 12 
months during follow-up revealed that the relapse rates 
of GCs + DMARDs were lower than GCs (RR = 0.49, 95% CI: 
0.33-0.71) (Supplementary Figure 3C). In the rankogram, 

Figure 2.  Network meta-analysis results for the overall remission rates. (A): Network diagram. Each node represents 1 
medication protocol, and its size is proportional to the total number of patients receiving this medication protocol. 
Each line represents a head-to-head comparison, and its width is proportional to the number of studies comparing the 
connected protocols. (B): Cumulative probability ranking curve of different interventions; different interventions are 
ranked based on the surface under the cumulative ranking curve (SUCRA). The closer the SUCRA value is to 100%, the 
higher the likelihood that the intervention is the optimal protocol. (C): Forest plot. GCs, glucocorticoids; DMARDs, 
disease-modifying antirheumatic drugs; WW, Watchful waiting.
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GCs + DMARDs ranked first (SUCRA = 91.7%), followed 
by DMARDs (48.8%) and GCs (9.5%) (Supplementary 
Figure 3B).

The results of meta-analyses on the relapse rates over 12 
months during follow-up revealed that the relapse rates 
of GCs+DMARDs were lower than GCs (RR = 0.64, 95% 
CI: 0.41-0.99) (Supplementary Figure 4C). In the ranko-
gram, GCs+DMARDs ranked first (SUCRA=74.4%), fol-
lowed by watchful waiting (66.3%) and DMARDs (45.3%) 
(Supplementary Figure 4B).

Adverse Reactions: Adverse reactions occurring during 
treatment with 3 different medication protocols were 
mentioned and detailed in 6 studies,11,12,33,36,37,47 including 
infections, gastrointestinal reactions, impaired hepatic 
function, and glucose intolerance (Table 1). The adverse 
reaction rates were 38.9%, 5.3%, and 33.3%, respectively, 
among patients treated with GCs + DMARDs, DMARDs, 

Table 1.  The Occurrence of Adverse Reactions of 3 Different 
Medication Protocols During Treatment

Medication Protocol GCs + DMARDs DMARDs GCs
Number of included 
studies

6 1 5

Sample size 285 19 252

Infections 43 1 38

Glucose intolerance 31 0 25

Gastrointestinal 
reactions

23 0 12

Impaired hepatic 
function

6 0 6

Hypertension 2 0 3

Leukopenia 5 0 0

Myelosuppression 1 0 0

Total probability, % 38.9 5.3 33.3

Figure 3.  Network meta-analysis results for the overall relapse rates. (A): Network diagram; (B): Cumulative probability 
ranking curve of different interventions; (C): Forest plot. GCs, glucocorticoids; DMARDs, disease-modifying antirheumatic 
drugs; WW, Watchful waiting.
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Figure 4.  Funnel plots of outcomes. (A): the overall remission rates; (B): the overall relapse rates. GCs, glucocorticoids; 
DMARDs, disease-modifying antirheumatic drugs; WW, Watchful waiting.
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and GCs. The qualitative meta-analysis revealed that GCs-
containing protocols (GCs and GCs + DMARDs) most 
frequently induced metabolic toxicity (e.g., glucose 
intolerance) and gastrointestinal toxicity. In contrast, 
hematologic events (e.g., leukopenia) were reported only 
for GCs + DMARDs (Supplementary Table 4). Despite 
limited data, these findings highlighted organ-specific 
risks, particularly for GCs-based protocols.

Publication Bias: More than 10 studies were included in 
the analysis of the overall remission and relapse rates, so 
the publication bias was assessed by funnel plots, with 
points of different colors indicating comparisons among 
the 4 medication protocols. As shown in the funnel plots, 
the remission rates displayed no publication bias (Figure 
4A), whereas the yellow line segments of the relapse 
rates tended to be parallel to the X-axis, indicating 
possible publication bias (Figure 4B).

Sensitivity Analyses: Network meta-analysis was carried 
out on the overall remission and relapse rates using 
random-effects and fixed-effects models, respectively, 
and the similarities in the total residual deviance 
(totresdev), penalty term for deviance (pD), and DIC 
values were observed. The results showed that the values 
of the 3 parameters were similar between the 2 models 
(overall remission rate: fixed-effects vs. random-effects: 
totresdev = 39.93 vs. 40.07, DIC = 69.35 vs. 67.84, pD = 29.42 
vs. 27.77. Overall relapse rate: fixed-effects vs. random-
effects: totresdev = 56.80 vs. 57.36, DIC = 103.52 vs. 102.46, 
pD = 46.72 vs. 45.10), suggesting good similarity in the 
included studies and stable and reliable data.

Subgroup Analyses: To assess the impact of 
demographics on the results, subgroup analyses were 
performed by region. There were 21 studies including 
2803 patients in Asia, 7 studies including 458 patients in 
North America, and 6 studies including 1076 patients in 
Europe. The number of studies in North America and 
Europe was too small to conduct an NMA, so both were 
combined as non-Asian studies. To determine the 
presence or absence of regional differences in the 
distribution of involved organs, organ involvement in the 
included studies was statistically analyzed. Sixteen 
studies reported single-organ involvement, while the 
remaining 18 studies reported systemic organ 
involvement specifically in the Asian cohort (10 studies) 
and non-Asian cohort (8 studies); the top 10 involved 
organs were largely the same in both cohorts 
(Supplementary Table 5). Both Asian studies 
(SUCRA = 80.4%) and non-Asian studies (SUCRA = 75.8%) 
revealed that GCs + DMARDs were most effective in 
improving the overall remission rate, and both Asian 
studies (SUCRA = 92.2%) and non-Asian studies 
(SUCRA = 92.9%) revealed that GCs + DMARDs performed 
best in reducing the overall relapse rate. The results of 
subgroup analyses were consistent with those of the 
original studies (Supplementary Table 6). Heterogeneity 
analyses showed that the overall I2 values for the remission 

and relapse rates were 46.3% and 33.3% in Asian studies, 
and 48.3% and 0% in non-Asian studies, respectively, all 
less than 50%, suggesting that the results were stable 
and reliable.

To assess the impact of different DMARDs on study 
results, subgroup analyses were conducted on bDMARDs 
and cDMARDs. The meta-analysis revealed that the 
overall remission rates of GCs + cDMARDs (RR = 1.72, 95% 
CI: 1.26-2.39), GCs alone (RR = 1.50, 95% CI: 1.14-2.00), and 
bDMARDs alone (RR = 2.01, 95% CI: 1.28-3.18) were all 
higher than that of watchful waiting (Supplementary 
Table 7). In the rankogram, bDMARDs alone ranked 
first (SUCRA = 88.8%), followed by GCs + cDMARDs 
(71.4%) and GCs + bDMARDs (58.0%). Besides, the overall 
relapse rate of GCs + cDMARDs was lower than that of 
GCs alone (RR = 0.50, 95% CI: 0.34-0.70) (Supplementary 
Table 7). In the rankogram, GCs + bDMARDs ranked first 
(SUCRA = 80.51%), followed by GCs + cDMARDs (65.0%) 
and bDMARDs alone (63.7%). Subgroup analyses on dif-
ferent DMARDs also revealed that GCs + bDMARDs or 
GCs + cDMARDs raised the remission rate and reduced 
the relapse rate.

Discussion

This NMA included 34 observational studies involv-
ing 4337 IgG4-RD patients, and they were treated with 
GCs, DMARDs, GCs + DMARDs, or watchful waiting. This 
is the first study that comprehensively compared the 
efficacy and safety of the 4 medication protocols in the 
treatment of IgG4-RD within and over 12 months during 
follow-up. The results showed that in terms of improve-
ment of remission rates, GCs + DMARDs had the stron-
gest overall efficacy, and DMARDs had a higher efficacy 
within 12 months during follow-up, while GCs + DMARDs 
were the most effective over 12 months during follow-up. 
In terms of reduction of relapse rates, the overall efficacy 
of GCs + DMARDs was the strongest, and GCs + DMARDs 
performed the best both within and over 12 months 
during follow-up. Moreover, DMARDs had a lower inci-
dence of adverse reactions in comparison with GCs and 
GC + DMARDs.

Currently, the treatment of IgG4-RD consists of remission 
induction and maintenance therapy stages. The former 
aims to reduce focal inflammation and rapidly relieve 
symptoms, while the latter aims to maintain disease 
remission. In this study, the remission rates of different 
medication protocols in the 2 stages were explored based 
on the follow-up time. It was found that GCs + DMARDs 
had the strongest overall efficacy in improving the remis-
sion rate. A meta-analysis showed that GCs plus immu-
nosuppressants can achieve higher remission rates than 
GCs;49 multiple studies50,51 suggested that GCs plus RTX 
have a higher remission rate than RTX, consistent with 
the findings. Besides, DMARDs achieved the best effect 
within 12 months during follow-up. Rituximab was the 
major type of DMARDs in the included studies, and its 
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ability to effectively treat IgG4-RD and rapidly relieve 
clinical symptoms has been verified.52 When used in 
the treatment of IgG4-RD, RTX can achieve a remission 
rate of more than 90%, and the remission rate has no 
increase when combined with GCs,19 which may contrib-
ute to the higher remission rate of DMARDs. In addition, 
DMARDs were mostly used in mild cases in the included 
studies, which may also account for the highest remis-
sion rate of DMARDs. In addition, GCs + DMARDs were 
the most effective over 12 months during follow-up. 
Immunosuppressants were the major type of DMARDs 
in the included studies. As reported by a meta-analy-
sis covering 15 studies, GCs plus immunosuppressants 
achieve higher remission rates than GCs in the treatment 
of IgG4-RD,53 consistent with the findings in this paper.

The relapse rate of IgG4-RD increases with the extension 
of follow-up time,40 and the course of the disease exhibits 
a “relapse-remission” pattern,54 which is prone to repeated 
attacks if not properly treated. In this study, GCs + DMARDs 
produced lower relapse rates than GCs at different follow-
up times. The conclusions regarding the relapse rates in 
different medication protocols vary across studies. Some 
studies held that GCs + DMARDs can reduce relapse com-
pared with GCs,33 while some suggested that the relapse 
rate has no difference between the 2 protocols.26 This 
study demonstrated that GCs + DMARDs yielded a lower 
relapse rate than GCs. A randomized controlled clinical 
study revealed that GCs + DMARDs are superior to GCs in 
preventing relapse of IgG4-RD, consistent with the results 
in this paper.55 In the treatment of IgG4-RD, GCs work 
primarily by reducing inflammatory factors to relieve 
symptoms and are usually tapered off gradually due to 
many adverse reactions during long-term use, so relapse 
occurs easily.56,57 With a synergistic effect, GCs + DMARDs 
may contribute to the sustained control of tissue inflam-
mation and reduce the relapse rate in IgG4-RD patients. 
Publication bias was indeed present in the assessment of 
relapse rates, which might result from the region of pub-
lication, the grade of periodicals, and sources of funding.

This NMA had several limitations. First, the sample size 
was small in some results, and differences were present 
in the dosage of GCs and patient baseline data, so larger-
scale, high-quality randomized controlled studies are 
required to enhance the quality of evidence in the future. 
Second, only English-language studies were included. 
Moreover, the risk of confounding bias introduced by 
observational studies and the between-study heteroge-
neity in diagnostic criteria posed significant challenges 
to internal validity and inter-study comparability, thus 
increasing uncertainty in efficacy and safety estimates 
and weakening the reliability of comparison between 
different medication protocols. Random-effects models 
and sensitivity analyses were employed to mitigate these 
issues, but the inherent limitations of these methodolo-
gies cannot be fully eliminated. Therefore, the results of 
this NMA should be regarded as the best estimate under 
the current evidence base, and the conclusions should 

be interpreted with caution. In the future, high-quality 
randomized controlled trials (RCTs) with standardized 
diagnostic criteria are required for validation. Finally, 
due to the limited reporting quality of the original stud-
ies, only 1 study was included for the adverse reactions of 
DMARDs alone, with a small sample size, so the results 
may not be robust. Meanwhile, none of the included 
studies reported renal events, indicating gaps in safety 
monitoring. Therefore, future studies should prioritize 
prospective safety monitoring.

In conclusion, this NMA demonstrated that 
GCs + DMARDs can maintain a higher remission rate and 
the lowest relapse rate than other medication protocols. 
The GCs + DMARDs are recommended for both short-
term and long-term medication. Currently, increasingly 
more treatment options for IgG4-RD are available, and 
individualized and precise treatment is the direction of 
development in this field. Large-scale RCTs are needed 
in the future to validate the relative efficacy of different 
medication protocols. Given the great heterogeneity in 
the natural course of IgG4-RD across different involved 
organs, organ-specific clinical trials or registry studies are 
also required to provide detailed data for individualized 
treatment strategies.
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Supplementary Figure 1.  Network meta-analysis results for the remission rates within 12 months. (A): Network diagram; 
(B): Cumulative probability ranking curve of different interventions; (C): Forest plot. GCs, glucocorticoids; DMARDs, 
disease-modifying antirheumatic drugs; WW, Watchful waiting.



Supplementary Figure 2.  Network meta-analysis results for the remission rates over 12 months. (A): Network diagram; 
(B): Cumulative probability ranking curve of different interventions; (C): Forest plot. GCs, glucocorticoids; DMARDs, 
disease-modifying antirheumatic drugs; WW, Watchful waiting.



Supplementary Figure 3.  Network meta-analysis results for the relapse rates within 12 months. (A): Network diagram; 
(B): Cumulative probability ranking curve of different interventions; (C): Forest plot. GCs, glucocorticoids; DMARDs, 
disease-modifying antirheumatic drugs; WW, Watchful waiting.



Supplementary Figure 4.  Network meta-analysis results for the relapse rates over 12 months. (A): Network diagram; 
(B): Cumulative probability ranking curve of different interventions; (C): Forest plot. GCs, glucocorticoids; DMARDs, 
disease-modifying antirheumatic drugs; WW, Watchful waiting.



Supplementary Table 1.  PRISMA checklist for network meta-analysis

Section and 
Topic 

Item 
# Checklist item 

Location 
where item 
is reported 

TITLE ​

Title 1 Identify the report as a systematic review. 1

ABSTRACT ​

Abstract 2 See the PRISMA 2020 for Abstracts checklist. 1

INTRODUCTION ​

Rationale 3 Describe the rationale for the review in the context of existing knowledge. 1-2

Objectives 4 Provide an explicit statement of the objective(s) or question(s) the review addresses. 1-2

METHODS ​

Eligibility 
criteria

5 Specify the inclusion and exclusion criteria for the review and how studies were 
grouped for the syntheses.

2-5

Information 
sources

6 Specify all databases, registers, websites, organisations, reference lists and other 
sources searched or consulted to identify studies. Specify the date when each 
source was last searched or consulted.

2-5

Search strategy 7 Present the full search strategies for all databases, registers and websites, including 
any filters and limits used.

2-5

Selection 
process

8 Specify the methods used to decide whether a study met the inclusion criteria of 
the review, including how many reviewers screened each record and each report 
retrieved, whether they worked independently, and if applicable, details of 
automation tools used in the process.

2-5

Data collection 
process

9 Specify the methods used to collect data from reports, including how many 
reviewers collected data from each report, whether they worked independently, 
any processes for obtaining or confirming data from study investigators, and if 
applicable, details of automation tools used in the process.

2-5

Data items 10a List and define all outcomes for which data were sought. Specify whether all results 
that were compatible with each outcome domain in each study were sought (e.g. 
for all measures, time points, analyses), and if not, the methods used to decide 
which results to collect.

2-5

10b List and define all other variables for which data were sought (e.g. participant and 
intervention characteristics, funding sources). Describe any assumptions made 
about any missing or unclear information.

2-5

Study risk of 
bias assessment

11 Specify the methods used to assess risk of bias in the included studies, including 
details of the tool(s) used, how many reviewers assessed each study and whether 
they worked independently, and if applicable, details of automation tools used in 
the process.

2-5

Effect measures 12 Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) 
used in the synthesis or presentation of results.

2-5

Synthesis 
methods

13a Describe the processes used to decide which studies were eligible for each 
synthesis (e.g. tabulating the study intervention characteristics and comparing 
against the planned groups for each synthesis (item #5)).

2-5

13b Describe any methods required to prepare the data for presentation or synthesis, 
such as handling of missing summary statistics, or data conversions.

2-5

13c Describe any methods used to tabulate or visually display results of individual 
studies and syntheses.

2-5

13d Describe any methods used to synthesize results and provide a rationale for the 
choice(s). If meta-analysis was performed, describe the model(s), method(s) to 
identify the presence and extent of statistical heterogeneity, and software 
package(s) used.

2-5

13e Describe any methods used to explore possible causes of heterogeneity among 
study results (e.g. subgroup analysis, meta-regression).

2-5

13f Describe any sensitivity analyses conducted to assess robustness of the synthesized 
results.

2-5

(Continued)



Section and 
Topic 

Item 
# Checklist item 

Location 
where item 
is reported 

Reporting bias 
assessment

14 Describe any methods used to assess risk of bias due to missing results in a 
synthesis (arising from reporting biases).

2-5

Certainty 
assessment

15 Describe any methods used to assess certainty (or confidence) in the body of 
evidence for an outcome.

2-5

RESULTS ​

Study selection 16a Describe the results of the search and selection process, from the number of 
records identified in the search to the number of studies included in the review, 
ideally using a flow diagram.

5-8

16b Cite studies that might appear to meet the inclusion criteria, but which were 
excluded, and explain why they were excluded.

5-8

Study 
characteristics

17 Cite each included study and present its characteristics. 5-8

Risk of bias in 
studies

18 Present assessments of risk of bias for each included study. 5-8

Results of 
individual 
studies

19 For all outcomes, present, for each study: (a) summary statistics for each group 
(where appropriate) and (b) an effect estimate and its precision (e.g. confidence/
credible interval), ideally using structured tables or plots.

5-8

Results of 
syntheses

20a For each synthesis, briefly summarise the characteristics and risk of bias among 
contributing studies.

5-8

20b Present results of all statistical syntheses conducted. If meta-analysis was done, 
present for each the summary estimate and its precision (e.g. confidence/credible 
interval) and measures of statistical heterogeneity. If comparing groups, describe 
the direction of the effect.

5-8

20c Present results of all investigations of possible causes of heterogeneity among 
study results.

5-8

20d Present results of all sensitivity analyses conducted to assess the robustness of the 
synthesized results.

5-8

Reporting 
biases

21 Present assessments of risk of bias due to missing results (arising from reporting 
biases) for each synthesis assessed.

5-8

Certainty of 
evidence

22 Present assessments of certainty (or confidence) in the body of evidence for each 
outcome assessed.

5-8

DISCUSSION ​

Discussion 23a Provide a general interpretation of the results in the context of other evidence. 8-10

23b Discuss any limitations of the evidence included in the review. 8-10

23c Discuss any limitations of the review processes used. 8-10

23d Discuss implications of the results for practice, policy, and future research. 8-10

OTHER INFORMATION ​

Registration 
and protocol

24a Provide registration information for the review, including register name and 
registration number, or state that the review was not registered.

N/A

24b Indicate where the review protocol can be accessed, or state that a protocol was not 
prepared.

N/A

24c Describe and explain any amendments to information provided at registration or in 
the protocol.

N/A

Support 25 Describe sources of financial or non-financial support for the review, and the role of 
the funders or sponsors in the review.

Title page

Competing 
interests

26 Declare any competing interests of review authors. Title page

Availability of 
data, code and 
other materials

27 Report which of the following are publicly available and where they can be found: 
template data collection forms; data extracted from included studies; data used for 
all analyses; analytic code; any other materials used in the review.
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Supplementary Table 2.  Search strategy for network meta-analysis

2.1. Search strategy of Pubmed
No. Search items

#1 (((((((Immunoglobulin G4-Related Disease[MeSH Terms]) OR (IgG4 Associated Autoimmune Disease*[Title/
Abstract])) OR (IgG4 RD[Title/Abstract])) OR (IgG4 Related Disease*[Title/Abstract])) OR (IgG4 related 
hypertrophic pachymeningitis[Title/Abstract])) OR (IgG4 related pachymeningitis[Title/Abstract])) OR 
(immunoglobulin G4 related disease*[Title/Abstract])) OR (immunoglobulin G4 related pachymeningitis[Title/
Abstract])

#2 (((((((((((Glucocorticoids[MeSH Terms]) OR (glucocortico*[Title/Abstract])) OR (glucocortoid[Title/Abstract])) OR 
(Glucorticoid Effects[Title/Abstract])) OR (Glycocortico*[Title/Abstract])) OR (Prednisone[Title/Abstract])) OR 
(Prednisolone[Title/Abstract])) OR (Methylprednisolone[Title/Abstract])) OR (Dexamethasone[Title/Abstract])) 
OR (Hydrocortisone[Title/Abstract])) OR (Cortisone[Title/Abstract])) OR (steroid*[Title/Abstract])

#3 ((((((((((((((((((((((((((((((((Immunosuppressive Agents[MeSH Terms]) OR (immune suppress*[Title/Abstract])) OR 
(immunodepressant[Title/Abstract])) OR (Immunosuppress*[Title/Abstract])) OR (Mycophenolate Mofetil[Title/
Abstract])) OR (MMF[Title/Abstract])) OR (Azathioprine[Title/Abstract])) OR (AZA[Title/Abstract])) OR 
(Cyclophosphamide[Title/Abstract])) OR (CYC[Title/Abstract])) OR (Cytoxan[Title/Abstract])) OR (CTX[Title/
Abstract])) OR (Leflunomide[Title/Abstract])) OR (LEF[Title/Abstract])) OR (Methotrexate[Title/Abstract])) OR 
(Amethopterin[Title/Abstract])) OR (MTX[Title/Abstract])) OR (Cyclosporin*[Title/Abstract])) OR (CsA[Title/
Abstract])) OR (CyA[Title/Abstract])) OR (Tacrolimus[Title/Abstract])) OR (TAC[Title/Abstract])) OR 
(iguratimod[Title/Abstract])) OR (IGU[Title/Abstract])) OR (Sulfasalazine[Title/Abstract])) OR 
(Salicylazosulfapyridine[Title/Abstract])) OR (Sulphasalazine[Title/Abstract])) OR (Salazosulfapyridine[Title/
Abstract])) OR (SSZ[Title/Abstract])) OR (Hydroxychloroquine[Title/Abstract])) OR (HCQ[Title/Abstract])) OR 
(Thalidomide[Title/Abstract])) OR (6-MP[Title/Abstract])

#4 (((((((((((((B cell depletion therapies[Title/Abstract]) OR (Rituximab[MeSH Terms])) OR (Rituximab*[Title/
Abstract])) OR (Mabthera[Title/Abstract])) OR (Rituxan[Title/Abstract])) OR (RTX[Title/Abstract])) OR 
(obexelimab[Title/Abstract])) OR (inebilizumab[Title/Abstract])) OR (belimumab[Title/Abstract])) OR 
(rilzabrutinib[Title/Abstract])) OR (Zanubrutinib[Title/Abstract])) OR (Brukinsa[Title/Abstract])) OR 
(Bortezomib[Title/Abstract])) OR (Lenalidomide[Title/Abstract])

#5 ((((Abatacept[Title/Abstract]) OR (Cytotoxic T Lymphocyte Associated Antigen 4 Immunoglobulin[Title/
Abstract])) OR (CTLA4 Ig[Title/Abstract])) OR (CTLA4 immunoglobulin[Title/Abstract])) OR (elotuzumab[Title/
Abstract])

#6 (((((dupilumab[Title/Abstract]) OR (Dupixent[Title/Abstract])) OR (mepolizumab[Title/Abstract])) OR 
(Bosatria[Title/Abstract])) OR (Nucala[Title/Abstract])) OR (tocilizumab[Title/Abstract])

#7 prezalumab[Title/Abstract]

#8 (((((((((Janus Kinase Inhibitors[MeSH Terms]) OR (Janus Kinase Inhibitor*[Title/Abstract])) OR (JAK 
Inhibitor*[Title/Abstract])) OR (baricitinib[Title/Abstract])) OR (tofacitinib[Title/Abstract])) OR (filgotinib[Title/
Abstract])) OR (GLPG0634[Title/Abstract])) OR (upadacitinib[Title/Abstract])) OR (Rinvoq[Title/Abstract])) OR 
(decernotinib[Title/Abstract])

#9 (((Biological Products[MeSH Terms]) OR (Biologic*[Title/Abstract])) OR (Biopharmaceutical*[Title/Abstract])) 
OR (Natural Product*[Title/Abstract])

#10 ((disease modifying antirheumatic agent[Title/Abstract]) OR (Disease Modifying Antirheumatic Drug*[Title/
Abstract])) OR (DMARD*[Title/Abstract])

#11 #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10

#12 #1 AND #11

#13 (((case control[Title/Abstract]) OR (cohort[Title/Abstract])) OR (Retrospect*[Title/Abstract])) OR (Prospect*[Title/
Abstract])

#14 #12 AND #13

2.2. Search strategy of Embase

No. Search items

#1 'immunoglobulin g4 related disease'/exp OR 'igg4 associated autoimmune disease*':ab,ti OR 'igg4 rd':ab,ti OR 
'igg4 related disease*':ab,ti OR 'igg4 related hypertrophic pachymeningitis':ab,ti OR 'igg4 related 
pachymeningitis':ab,ti OR 'immunoglobulin g4 related disease*':ab,ti OR 'immunoglobulin g4 related 
pachymeningitis':ab,ti

#2 'glucocorticoid'/exp OR glucocortico*:ab,ti OR glucocortoid:ab,ti OR 'glucorticoid effects':ab,ti OR 
glycocortico*:ab,ti OR prednisone:ab,ti OR prednisolone:ab,ti OR methylprednisolone:ab,ti OR 
dexamethasone:ab,ti OR hydrocortisone:ab,ti OR cortisone:ab,ti OR steroid*:ab,ti

(Continued)



#3 'immunosuppressive agent'/exp OR 'immune suppress*':ab,ti OR immunodepressant:ab,ti OR 
immunosuppress*:ab,ti OR 'mycophenolate mofetil':ab,ti OR mmf:ab,ti OR azathioprine:ab,ti OR aza:ab,ti OR 
cyclophosphamide:ab,ti OR cyc:ab,ti OR cytoxan:ab,ti OR ctx:ab,ti OR leflunomide:ab,ti OR lef:ab,ti OR 
methotrexate:ab,ti OR amethopterin:ab,ti OR mtx:ab,ti OR cyclosporin*:ab,ti OR csa:ab,ti OR cya:ab,ti OR 
tacrolimus:ab,ti OR tac:ab,ti OR iguratimod:ab,ti OR igu:ab,ti OR salazosulfapyridine:ab,ti OR 
salicylazosulfapyridine:ab,ti OR sulphasalazine:ab,ti OR ssz:ab,ti OR hydroxychloroquine:ab,ti OR hcq:ab,ti OR 
thalidomide:ab,ti OR '6 mp':ab,ti

#4 'b cell depletion therapies':ab,ti OR 'rituximab'/exp OR rituximab*:ab,ti OR mabthera:ab,ti OR rituxan:ab,ti OR 
rtx:ab,ti OR obexelimab:ab,ti OR inebilizumab:ab,ti OR belimumab:ab,ti OR rilzabrutinib:ab,ti OR 
zanubrutinib:ab,ti OR brukinsa:ab,ti OR bortezomib:ab,ti OR lenalidomide:ab,ti

#5 abatacept:ab,ti OR 'cytotoxic t lymphocyte associated antigen 4 immunoglobulin':ab,ti OR 'ctla4 ig':ab,ti OR 
'ctla4 immunoglobulin':ab,ti OR elotuzumab:ab,ti

#6 dupilumab:ab,ti OR dupixent:ab,ti OR mepolizumab:ab,ti OR bosatria:ab,ti OR nucala:ab,ti OR tocilizumab:ab,ti

#7 prezalumab:ab,ti

#8 'janus kinase inhibitor'/exp OR 'janus kinase inhibitor*':ab,ti OR 'jak inhibitor*':ab,ti OR baricitinib:ab,ti OR 
tofacitinib:ab,ti OR filgotinib:ab,ti OR glpg0634:ab,ti OR upadacitinib:ab,ti OR rinvoq:ab,ti OR decernotinib:ab,ti

#9 'biological product'/exp OR biologic*:ab,ti OR biopharmaceutical*:ab,ti OR 'natural product*':ab,ti

#10 'disease modifying antirheumatic drug'/exp OR 'disease modifying antirheumatic agent':ab,ti OR 'disease 
modifying antirheumatic drug*':ab,ti OR dmard*:ab,ti

#11 #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10

#12 #1 AND #11

#13 'case control':ab,ti OR cohort:ab,ti OR retrospect*:ab,ti OR prospect*:ab,ti

#14 #12 AND #13

2.3. Search strategy of Cochrane Library

No. Search items

#1 MeSH descriptor: [Immunoglobulin G4-Related Disease] explode all trees

#2 (IgG4 Associated Autoimmune Disease*):ti,ab,kw OR (IgG4 RD):ti,ab,kw OR (IgG4 Related Disease*):ti,ab,kw OR 
(IgG4 related hypertrophic pachymeningitis):ti,ab,kw OR (IgG4 related pachymeningitis):ti,ab,kw OR 
(immunoglobulin G4 related disease*):ti,ab,kw OR (immunoglobulin G4 related pachymeningitis):ti,ab,kw

#3 #1 AND #2

#4 MeSH descriptor: [Glucocorticoids] explode all trees

#5 (glucocortico*):ti,ab,kw OR (glucocortoid):ti,ab,kw OR (Glucorticoid Effects):ti,ab,kw OR (Glycocortico*):ti,ab,kw 
OR (Prednisone):ti,ab,kw OR (Prednisolone):ti,ab,kw OR (Methylprednisolone):ti,ab,kw OR 
(Dexamethasone):ti,ab,kw OR (Hydrocortisone):ti,ab,kw OR (Cortisone):ti,ab,kw OR (steroid*):ti,ab,kw

#6 #4 AND #5

#7 MeSH descriptor: [Immunosuppressive Agents] explode all trees

#8 (immune suppress*):ti,ab,kw OR (immunodepressant):ti,ab,kw OR (Immunosuppress*):ti,ab,kw OR 
(Mycophenolate Mofetil):ti,ab,kw OR (MMF):ti,ab,kw OR (Azathioprine):ti,ab,kw OR (AZA):ti,ab,kw OR 
(Cyclophosphamide):ti,ab,kw OR (CYC):ti,ab,kw OR (Cytoxan):ti,ab,kw OR (CTX):ti,ab,kw OR 
(Leflunomide):ti,ab,kw OR (LEF):ti,ab,kw OR (Methotrexate):ti,ab,kw OR (Amethopterin):ti,ab,kw OR 
(MTX):ti,ab,kw OR (Cyclosporine):ti,ab,kw OR (Cyclosporin*):ti,ab,kw OR (CsA):ti,ab,kw OR (CyA):ti,ab,kw OR 
(Tacrolimus):ti,ab,kw OR (TAC):ti,ab,kw OR (iguratimod):ti,ab,kw OR (IGU):ti,ab,kw OR (Sulfasalazine):ti,ab,kw 
OR (Salicylazosulfapyridine):ti,ab,kw OR (Sulphasalazine):ti,ab,kw OR (Salazosulfapyridine):ti,ab,kw OR 
(SSZ):ti,ab,kw OR (Hydroxychloroquine):ti,ab,kw OR (HCQ):ti,ab,kw OR (Thalidomide):ti,ab,kw

#9 #7 AND #8

#10 MeSH descriptor: [Rituximab] explode all trees

#11 (B cell depletion therapies):ti,ab,kw OR (Rituximab*):ti,ab,kw OR (Mabthera):ti,ab,kw OR (Rituxan):ti,ab,kw OR 
(RTX):ti,ab,kw OR (obexelimab):ti,ab,kw OR (inebilizumab):ti,ab,kw OR (belimumab):ti,ab,kw OR 
(rilzabrutinib):ti,ab,kw OR (Zanubrutinib):ti,ab,kw OR (Brukinsa):ti,ab,kw OR (Bortezomib):ti,ab,kw OR 
(Lenalidomide):ti,ab,kw

#12 #10 AND #11

#13 (Abatacept):ti,ab,kw OR (Cytotoxic T Lymphocyte Associated Antigen 4 Immunoglobulin):ti,ab,kw OR (CTLA4 
Ig):ti,ab,kw OR (CTLA4 immunoglobulin):ti,ab,kw OR (elotuzumab):ti,ab,kw

(Continued)
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#14 (dupilumab):ti,ab,kw OR (Dupixent):ti,ab,kw OR (mepolizumab):ti,ab,kw OR (Bosatria):ti,ab,kw OR 
(Nucala):ti,ab,kw OR (tocilizumab):ti,ab,kw

#15 (prezalumab):ti,ab,kw

#16 MeSH descriptor: [Janus Kinase Inhibitors] explode all trees

#17 (Janus Kinase Inhibitor*):ti,ab,kw OR (JAK Inhibitor*):ti,ab,kw OR (baricitinib):ti,ab,kw OR (tofacitinib):ti,ab,kw 
OR (GLPG0634):ti,ab,kw OR (filgotinib):ti,ab,kw OR (upadacitinib):ti,ab,kw OR (Rinvoq):ti,ab,kw OR 
(decernotinib):ti,ab,kw

#18 #16 AND #17

#19 MeSH descriptor: [Biological Products] explode all trees

#20 (Biologic*):ti,ab,kw OR (Biopharmaceutical*):ti,ab,kw OR (Natural Product*):ti,ab,kw

#21 #19 AND #20

#22 (disease modifying antirheumatic drug):ti,ab,kw OR (disease modifying antirheumatic agent):ti,ab,kw OR 
(Disease Modifying Antirheumatic Drug*):ti,ab,kw OR (DMARD*):ti,ab,kw

#23 #6 AND #9 AND #12 AND #13 AND #14 AND #15 AND #18 AND #21 AND #22

#24 (case control):ti,ab,kw OR (cohort):ti,ab,kw OR (retrospect*):ti,ab,kw OR (prospect*):ti,ab,kw

#25 #3 AND #23 AND #24

2.4. Search strategy of Web of Science

No. Search items

#1 immunoglobulin G4 related disease (Topic) OR IgG4 Associated Autoimmune Disease* (Topic) OR IgG4 RD 
(Topic) OR IgG4 Related Disease* (Topic) OR IgG4 related hypertrophic pachymeningitis (Topic) OR IgG4 
related pachymeningitis (Topic) OR immunoglobulin G4 related disease* (Topic) OR immunoglobulin G4 
related pachymeningitis (Topic)

#2 glucocortico* (Topic) OR glucocortoid (Topic) OR Glucorticoid Effects (Topic) OR Glycocortico* (Topic) OR 
prednisone (Topic) OR prednisolone (Topic) OR methylprednisolone (Topic) OR dexamethasone (Topic) OR 
hydrocortisone (Topic) OR cortisone (Topic) OR steroid* (Topic)

#3 immunosuppressive agent (Topic) OR immune suppress* (Topic) OR immunodepressant (Topic) OR 
Immunosuppress* (Topic) OR mycophenolate mofetil (Topic) OR MMF (Topic) OR azathioprine (Topic) OR AZA 
(Topic) OR cyclophosphamide (Topic) OR CYC (Topic) OR Cytoxan (Topic) OR CTX (Topic) OR leflunomide 
(Topic) OR LEF (Topic) OR methotrexate (Topic) OR Amethopterin (Topic) OR MTX (Topic) OR Cyclosporin* 
(Topic) OR CsA (Topic) OR CyA (Topic) OR tacrolimus (Topic) OR TAC (Topic) OR iguratimod (Topic) OR IGU 
(Topic) OR Sulfasalazine (Topic) OR salazosulfapyridine (Topic) OR Salicylazosulfapyridine (Topic) OR 
Sulphasalazine (Topic) OR Salazosulfapyridine (Topic) OR SSZ (Topic) OR hydroxychloroquine (Topic) OR HCQ 
(Topic) OR thalidomide (Topic) OR 6-MP (Topic)

#4 B cell depletion therapies (Topic) OR Rituximab* (Topic) OR Mabthera (Topic) OR Rituxan (Topic) OR RTX 
(Topic) OR obexelimab (Topic) OR inebilizumab (Topic) OR belimumab (Topic) OR rilzabrutinib (Topic) OR 
zanubrutinib (Topic) OR Brukinsa (Topic) OR bortezomib (Topic) OR lenalidomide (Topic)

#5 abatacept (Topic) OR Cytotoxic T Lymphocyte Associated Antigen 4 Immunoglobulin (Topic) OR CTLA4 Ig 
(Topic) OR CTLA4 immunoglobulin (Topic) OR elotuzumab (Topic)

#6 dupilumab (Topic) OR Dupixent (Topic) OR mepolizumab (Topic) OR Bosatria (Topic) OR Nucala (Topic) OR 
tocilizumab (Topic)

#7 prezalumab (Topic)

#8 Janus Kinase Inhibitor* (Topic) OR JAK Inhibitor* (Topic) OR baricitinib (Topic) OR tofacitinib (Topic) OR 
GLPG0634 (Topic) OR filgotinib (Topic) OR upadacitinib (Topic) OR Rinvoq (Topic) OR decernotinib (Topic)

#9 biological product* (Topic) OR Biologic* (Topic) OR Biopharmaceutical* (Topic) OR Natural Product* (Topic)

#10 Disease Modifying Antirheumatic Drug* (Topic) OR disease modifying antirheumatic agent (Topic) OR DMARD* 
(Topic)

#11 case control (Topic) OR cohort (Topic) OR retrospect* (Topic) OR prospect* (Topic)

#12 #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10

#13 #1 AND #11 AND #12

Supplementary Table 2.  Search strategy for network meta-analysis (Continued)
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Supplementary Table 5.  Organ involvement in different 
regional cohorts

Affecting organ or 
tissue

Asian cohorts 
(n=1634)

Non-Asian 
cohorts (n=440)

Lymph gland 681(41.68%) 109(24.77%)

Salivary glands 677(41.43%) 105(23.86%)

Pancreas 587(35.92%) 179(40.68%)

Bile duct 466(28.52%) 126(28.64%)

Lacrimal gland 395(24.17%) 47(10.68%)

Lung/pleura 386(23.62%) 66(15.00%)

Orbit 287(17.56%) 73(16.59%)

Retroperitoneal fibrosis 269(16.46%) 91(20.68%)

Nose 243(14.87%) 38(8.64%)

Kidney 173(10.59%) 60(13.64%)

Prostate 125(7.65%) 9(2.05%)

Aorta 69(4.22%) 47(10.68%)

Thyroid 58(3.55%) 12(2.73%)

Liver 29(1.77%) 23(5.23%)

Mediastina 26(1.59%) 10(2.27%)

Pituitary 12(0.73%) 4(0.91%)

Mater 12(0.73%) 6(1.36%)

Skin 12(0.73%) 12(2.73%)

Gastrointestinal tract 10(0.61%) 12(2.73%)

Ear 3(0.18%) 4(0.91%)

Pericardium 1(0.06%) 13(2.95%)

Breast 1(0.06%) 2(0.45%)

Supplementary Table 6.  Subgroup analysis in a network 
frame by region

A
GCs+DMARDs RR(95% CI) ​ ​

1.15 (0.95, 1.39) GCs ​ ​

0.99 (0.62, 1.69) 0.86 (0.54, 1.47) DMARDs ​

1.83 (1.26, 2.62) 1.6 (1.13, 2.21) 1.85 (1, 3.17) WW

B

GCs+DMARDs RR(95% CI) ​ ​

0.62 (0.44, 0.85) GCs ​ ​

0.61 (0.22, 1.68) 0.99 (0.37, 2.74) DMARDs ​

0.64 (0.35, 1.22) 1.04 (0.6, 1.91) 1.05 (0.36, 3.11) WW

C

GCs+DMARDs	 RR(95% CI) ​ ​

1.32 (0.59, 3.99) GCs ​ ​

1.33 (0.66, 3.77) 0.99 (0.67, 1.47) DMARDs ​

D

GCs+DMARDs RR(95% CI) ​ ​

0.54 (0.33, 0.87) GCs ​ ​

0.65 (0.31, 1.48) 1.2 (0.59, 2.84) DMARDs ​
Note: (A): the overall remission rates in Asian patients; (B): the overall 
relapse rates in Asian patients; (C): the overall remission rates in Non-
Asian patients; (D): the overall relapse rates in Non-Asian patients. 
The cells contain the RR (95% CI) of the medication protocol on the 
left compared to the medication protocol on the right. Bolded values 
are statistically significant. GCs, glucocorticoids; DMARDs, disease-
modifying antirheumatic drugs; WW, Watchful waiting.

Supplementary Table 7.  Subgroup analysis in a network frame by different DMARDs

A
GCs+cDMARDs RR(95% CI) ​ ​ ​ ​

1.05 (0.61, 1.89) GCs+bDMARDs ​ ​ ​ ​

1.20 (0.85, 1.74) 1.14 (0.59, 2.17) cDMARDs ​ ​ ​

0.85 (0.57, 1.29) 0.81 (0.41, 1.53) 0.71 (0.49, 1.03) bDMARDs ​ ​

1.15 (0.94, 1.41) 1.09 (0.59, 1.93) 0.95 (0.68, 1.30) 1.34 (0.92, 1.93) GCs ​

1.72 (1.26, 2.39) 1.63 (0.85, 3.07) 1.43 (0.94, 2.15) 2.01 (1.28, 3.18) 1.50 (1.14, 2.00) WW

B
GCs+cDMARDs RR(95% CI) ​ ​ ​ ​

1.47 (0.44, 5.62) GCs+bDMARDs ​ ​ ​ ​

0.63 (0.30, 1.40) 0.43 (0.11, 1.58) cDMARDs ​ ​ ​

1.11 (0.33, 4.46) 0.76 (0.23, 2.49) 1.74 (0.53, 6.80) bDMARDs ​ ​

0.59 (0.43, 0.80) 0.40 (0.11, 1.29) 0.93 (0.43, 1.90) 0.53 (0.13, 1.73) GCs ​

0.88 (0.47, 1.66) 0.6 0(0.14, 2.22) 1.38 (0.56, 3.38) 0.79 (0.18, 2.96) 1.50 (0.85, 2.71) WW
Note: (A): the overall remission rates between different medication protocols; (B): the overall relapse rates between different medication pro-
tocols; The cells contain the RR (95% CI) of the medication protocol on the left compared to the medication protocol on the right. Bolded 
values are statistically significant. GCs, glucocorticoids; cDMARDs, conventional disease-modifying antirheumatic drugs; bDMARDs, biologi-
cal conventional disease-modifying antirheumatic drugs; WW, Watchful waiting


