Journal of Clinical Question. 2026; 3(3): €276
https://doi.org/10.69854/jcq.2026.0019 EI»IJ
Advance access publication date 30 June 2026 Gleam Publishing

Meta-Analysis

Comparative Efficacy and Safety of Medical
Treatments for IgG4-Related Disease: A
Systematic Review and Network Meta-Analysis of
Randomized Controlled Trials

Rui Zhang', Bensu Du', Xu Wang®?:*, Xiaofei Zhang?®"*

'School of First Clinical, China Medical University, Shenyang, China.

2Department of Gastroenterological Endoscopy, The First Hospital of China Medical University,
Shenyang, China.

3Department of Gastroenterological Endoscopy, The Second Affiliated Hospital of Liaoning
University of Traditional Chinese Medicine, Shenyang, China.

*Corresponding Authors: e-mail: wangxu@cmu.edu.cn; e-mail: 305020843@qq.com

Submitted: April 20, 2026  Accepted: June 30, 2026

Clinical Question Box

In patients with IgG4-related disease, which medical treatment strategy provides the best balance
of remission induction, relapse prevention, and safety compared with glucocorticoids alone?

Given the low certainty of evidence, the glucocorticoids plus thalidomide treatment strategy
ranked highest for remission induction but was associated with the least favorable adverse-
event profile. Glucocorticoids plus inebilizumab also demonstrated favorable remission efficacy,
ranking second for remission induction, although relapse prevention data were not available in
the network. Glucocorticoids plus leflunomide ranked highest for relapse prevention, whereas
glucocorticoids plus mycophenolate mofetil appeared to offer the most favorable safety profile
and a balanced efficacy-safety pattern.

Abstract

Introduction: 1gG4-related disease (IgG4-RD) is a chronic, immune-mediated fibroinflammatory
disorder commonly treated with glucocorticoids; however, relapse and steroid-related toxicity remain
major challenges. Therefore, this systematic review and network meta-analysis compared the efficacy
and safety of medical treatments for [lgG4-RD. Methods: The PubMed, Web of Science, Embase, and
Cochrane Library databases were searched from inception to April 15, 2025. Randomized controlled
trials evaluating medical therapies for IgG4-RD and reporting remission, relapse, or adverse events
were eligible for inclusion. A frequentist network meta-analysis was performed using odds ratios (ORs)
with 95% confidence intervals (CIs). Results: Five randomized controlled trials, including 376 patients,
were included in the review. Treatment strategies comprised glucocorticoids alone, glucocorticoid
cessation, and glucocorticoids combined with thalidomide, mycophenolate mofetil, inebilizumab,
or leflunomide. For remission, the glucocorticoids plus thalidomide strategy ranked highest and
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was superior to glucocorticoids alone (OR, 31.3; 95% CI, 5.74-171), followed by glucocorticoids
plus inebilizumab (OR, 12.9; 95% CI, 5.13-32.5). Glucocorticoids plus mycophenolate mofetil also
improved remission (OR, 3.07; 95% CI, 1.09-8.62). For relapse prevention, glucocorticoids plus
leflunomide ranked highest and reduced relapse compared with glucocorticoids alone (OR, 0.33; 95%
CI, 0.10-0.93). For adverse events, mycophenolate mofetil had the most favorable safety ranking,
whereas thalidomide had the least favorable profile. The overall risk of bias was high, and the certainty
of evidence was low. Conclusion: Combination therapy with selected steroid-sparing agents may
improve outcomes in patients with IgG4-RD. Thalidomide ranked highest for remission but had more
adverse events, leflunomide ranked highest for relapse prevention, and mycophenolate mofetil showed
the most favorable safety profile. However, given the limited evidence base and sparse treatment
network, the treatment rankings and pooled estimates should be interpreted cautiously.

Keywords: 1gG4-related disease, glucocorticoids, thalidomide, leflunomide, mycophenolate mofetil,
inebilizumab

Introduction

IgG4-related disease (IgG4-RD) is a chronic, immune-mediated fibroinflammatory disorder char-
acterized by tumefactive lesions, dense lymphoplasmacytic infiltration, storiform fibrosis, and, in
many cases, elevated serum IgG4 concentrations.! It can involve virtually any organ system—such as
the pancreas, biliary tract, salivary and lacrimal glands, kidneys, lungs, retroperitoneum, and lymph
nodes—Ileading to diverse clinical manifestations that range from incidental radiologic findings to
subacute mass-like lesions or diffuse organ enlargement.? Constitutional symptoms are often absent
in this disorder, although allergic manifestations such as asthma or atopic symptoms are reported
in a substantial proportion of patients. Significant weight loss may occur in those with multiorgan
disease, particularly when IgG4-related autoimmune pancreatitis or gastrointestinal involvement is
present.>* The epidemiology of IgG4-RD remains incompletely defined due to its heterogeneous
presentation and relatively recent recognition as a systemic disease entity; nevertheless, a 2023 U.S.
population-based study estimated that [gG4-RD incidence had increased from 0.78 to 1.39 per 100,000
person-years between 2015 and 2019.° IgG4-RD typically affects middle-aged to older adults and has
been reported more frequently in men, although age and sex distributions may vary according to organ
involvement and geographic region.®

IgG4-RD is frequently detected incidentally through radiologic abnormalities or histopatho-
logic examination of tissue specimens obtained for suspected malignancy or other inflammatory
conditions.”” Imaging modalities such as computed tomography, magnetic resonance imaging, and
positron emission tomography may demonstrate focal or diffuse organ enlargement, mass-forming
lesions, ductal abnormalities, or fibrotic changes in individuals with IgG4-RD.!? Because IgG4-
RD can closely mimic malignancy, infection, and other autoimmune or inflammatory disorders, its
diagnosis requires careful integration of clinical, serologic, radiologic, and histopathologic findings.
Several diagnostic and classification frameworks have been proposed to support the evaluation
of suspected IgG4-RD. The 2019 American College of Rheumatology/European League Against
Rheumatism classification criteria provide a weighted scoring system incorporating clinical, serologic,
radiologic, and pathologic features after applying entry and exclusion criteria.'! In addition, the 2020
revised comprehensive diagnostic criteria for [gG4-RD in Japan emphasize three diagnostic domains:
clinical and radiological features, serological diagnosis, and pathological diagnosis.'? They also note
that patients with possible or probable IgG4-RD can be diagnosed as definite [gG4-RD if they fulfill
relevant organ-specific criteria, including those for IgG4-related kidney disease.'3

Measurement of serum IgG4 is recommended in patients with suspected IgG4-RD. A serum
IgG4 concentration of 135 mg/dL or higher is commonly used as the threshold for hyper-IgG4-
emia in comprehensive and organ-specific diagnostic criteria.'* However, serum IgG4 elevation
alone is insufficient to establish the diagnosis, as IgG4 concentrations may be normal in some
patients with biopsy-proven IgG4-RD and elevated in other inflammatory, allergic, infectious, or
malignant conditions.!> Therefore, histopathologic confirmation from an involved organ is strongly
preferred. Typical histologic findings include dense lymphoplasmacytic infiltration, storiform fibrosis,
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obliterative phlebitis, and increased IgG4-positive plasma cell infiltration, which is often assessed by
the IgG4-positive/IgG-positive plasma cell ratio and the number of IgG4-positive plasma cells per
high-power field.!* Despite this, histopathologic findings alone are not diagnostic in isolation and
must be interpreted in the context of compatible clinical and radiologic features and after exclusion of
relevant mimicking diseases.

Initial therapy with glucocorticoids, sometimes in combination with an immunosuppressive or
biologic agent, is required in most patients with IgG4-RD.!® The primary goal of this therapy is to
induce disease remission, defined by the resolution of active disease manifestations and normalization
or substantial improvement of biochemical and radiologic abnormalities. However, relapse is common
during glucocorticoid tapering or after treatment discontinuation, and prolonged steroid exposure is
associated with substantial toxicity.!” Therefore, additional therapies are often required to maintain
remission or re-induce remission in patients with recurrent disease activity. To address these limi-
tations of glucocorticoids, steroid-sparing immunosuppressive agents and B-cell-depleting therapy,
particularly rituximab, have been increasingly used in clinical practice.'® Nevertheless, the optimal
therapeutic strategy for [gG4-RD treatment remains uncertain, particularly regarding comparative
efficacy, relapse prevention, and safety.

Although several randomized controlled trials (RCTs) have evaluated medical treatments for
IgG4-RD,'?2! direct head-to-head comparisons among all relevant interventions remain limited.
Conventional pairwise meta-analysis is restricted to direct comparisons and, thus, may be insufficient
to determine the relative performance of multiple competing therapies. A network meta-analysis
enables the integration of direct and indirect evidence within a unified analytical framework, allowing
simultaneous comparison and ranking of multiple interventions, including those that have not been
directly compared in randomized trials. Therefore, the present systematic review and network meta-
analysis of RCTs was conducted to compare the efficacy and safety of medical treatments for
IgG4-RD. The aim was to provide a more comprehensive evidence base for treatment selection and
clarify the relative ranking of currently available therapeutic strategies.

Methods

Protocol and Registration

This systematic review and network meta-analysis was conducted following the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses extension statement for network meta-analyses
(PRISMA-NMA).22 The study protocol was prospectively registered in the Open Science Framework
under registration number (10.17605/OSF.I0/B4J2E).2 Since this study was based exclusively on
previously published aggregate data and did not involve individual patient data or direct contact with
human participants, institutional review board approval and informed consent were not required.

Eligibility Criteria

Studies were eligible for inclusion in this systematic review if they met the following criteria: (1) they
were RCTs; (2) their participants were patients diagnosed with IgG4-RD; (3) they evaluated medical
treatments for IgG4-RD, including glucocorticoids, rituximab, or other immunosuppressive agents;
and (4) they reported at least one relevant clinical outcome, such as remission, relapse, treatment
response, or adverse events (AEs).

Studies were excluded from the review if they could not separately identify or extract the effects
of individual immunosuppressive agents. Non-randomized studies, retrospective studies, case reports,
case series, reviews, systematic reviews, meta-analyses, editorials, comments, conference abstracts
without sufficient data, or other non-original articles were also excluded.

Information Sources and Search Strategy

A comprehensive literature search was conducted in the PubMed, Web of Science, Embase, and
Cochrane Library databases for studies published from database inception to April 15, 2025. The
search strategy combined controlled vocabulary terms where available and free-text terms related



Journal of Clinical Question. 2026; 3(3): €276 Page 4 of 13

to IgG4-RD, medical treatments, and clinical outcomes. Search terms included IgG4-RD, gluco-
corticoids, corticosteroids, rituximab, azathioprine, mycophenolate, methotrexate, cyclophosphamide,
tacrolimus, treatment outcome, trial, cohort, comparative, and prospective studies. Non-original arti-
cles and studies unlikely to provide extractable treatment-specific data, including reviews, systematic
reviews, meta-analyses, editorials, comments, case reports, case series, and retrospective studies, were
excluded using database-specific filters and keywords where appropriate. Database-specific search
strategies were adapted for each platform, and the detailed search strategy for each database is
presented in Table S1. The reference lists of relevant studies were also manually screened to identify
additional eligible articles.

Study Selection and Data Extraction

After duplicate records were removed, two reviewers independently screened the studies’ titles and
abstracts for eligibility. Full-text articles of potentially relevant studies were then independently
assessed according to the predefined inclusion and exclusion criteria. Disagreements were resolved
through discussion and, when necessary, consultation with a third reviewer. Data were independently
extracted by the two reviewers using a standardized data extraction form. The following information
was collected: first author, publication year, country, study design, sample size, patient characteristics,
treatment regimens, comparator groups, follow-up duration, and reported outcomes. Any discrepan-
cies were resolved through discussion and consensus.

Definition and Outcomes

The IgG4-RD Responder Index (IgG4-RD RI) is a disease activity assessment tool used to quantify
organ-specific IgG4-RD activity.2* Remission was defined as achieving an IgG4-RD R1 score of <3 or
a decline of >2 points, together with successful completion of glucocorticoid tapering without relapse.
Relapse was defined as an increase in [gG4-RD RI score of >2 points in any single domain compared
with the previous follow-up. The primary outcome was remission, while secondary outcomes included
relapse rate and the incidence of AEs of any grade.

Statistical Analysis

A network meta-analysis was conducted to compare the relative efficacy and safety of the included
interventions. All statistical analyses were performed using R software, version 4.3.2 (R Foundation for
Statistical Computing, Vienna, Austria), with the netmeta package. Direct and indirect evidence were
synthesized within a frequentist framework. Given the clinical heterogeneity among studies, a random-
effects frequentist network meta-analysis model was used as the primary model. For each outcome,
pooled effect estimates were reported as odds ratios (ORs) with 95% confidence intervals (Cls).
Network plots were generated to illustrate the structure of treatment comparisons. Heterogeneity
and inconsistency were assessed through standard methods implemented in the netmeta package.
Consistency assessment was planned using available approaches implemented in the netmeta package
where feasible. However, because most comparisons were informed by single trials and the evidence
networks were sparse, formal consistency testing and sensitivity analyses were limited. Therefore,
indirect comparisons and treatment rankings were interpreted cautiously. Treatment rankings were
estimated using P-scores. A two-sided P-value of <0.05 was considered statistically significant. The
transitivity assumption was assessed qualitatively by comparing key trial characteristics, including
patient population, disease manifestations, glucocorticoid regimen, add-on treatment, follow-up
duration, and outcome definitions across the included studies, although formal assessment was limited
by the small number of trials.

Risk of Bias Assessment and Certainty of Evidence

As all included studies were RCTs, methodological quality was assessed using the Cochrane Risk of
Bias tool.?> Publication bias was assessed through funnel plots when a sufficient number of studies
were available. The certainty of evidence for each outcome was evaluated using the GRADE approach
while considering risk of bias, inconsistency, indirectness, imprecision, and publication bias.2°
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Results

Study Selection and Characteristics

A total of 971 studies were identified through database searches, and 67 duplicates were removed.
During screening, 817 records were excluded at the first stage, and 87 full-text reports were assessed at
the second stage. This resulted in 5 RCTs being included in the final review (Fig. 1). The characteristics
of the enrolled studies are shown in Table 1.1%2730 Overall, 376 patients were included in the
review. The included studies evaluated medical treatments for [gG4-RD and were published between
2017 and 2025. The trials compared treatments with glucocorticoids alone; glucocorticoid cessation;
and glucocorticoids combined with immunomodulatory or biologic agents, including thalidomide,
mycophenolate mofetil, inebilizumab, and leflunomide. Glucocorticoid regimens varied across studies,
with initial doses ranging from 0.5 to 0.8 mg/kg/day in most trials, followed by tapering to maintenance
doses of 5-10 mg/day where applicable. In the inebilizumab trial, patients received prednisone 20
mg/day with a tapering regimen. Follow-up duration ranged from 52 weeks to 3 years. Most patients
were male, with 232 male participants accounting for 61.7% of the total population, and the mean age
across studies ranged from 55.3 to 63.4 years (Table S2). Three studies were conducted in China, one
in Japan, and one was a multicountry study.

Identification of studies via databases and registers

()
§ Records identified from: Records removed before
‘§ PubMed (n = 169) screening:
= Web of Science (n = 100) — Duplicate records removed
c Embase (n = 644) (n=67)
§ Cochrane Library (n = 58)
—
4
()
Records screened »| Records excluded
(n=904) (n=817)
\ 4
Reports sought for retrieval Reports not retrieved
= (n=87) (n=0)
=
[
5
& \4
Reports assessed for eligibility Reports excluded:
(n=287) Review (n = 25)
Retrospective study (n = 21)
Single-arm study (n = 18)
Basic research (n = 15)
Multi-drug study (n = 3)
—
\4
b
° Studies included in review
=}
S| |0=9

Figure 1. Flowchart of study screening.
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Table 1. Study baseline characteristics, treatment regimen, and follow-up

Study Intervention Control  Intervention Control Additional/ GC regimen Follow-up
n n treatment treatment adjusted regimen

Chenetal. 29 28 GCs + THAL GCcessation ~THAL 25 mg/day Starting 0.6 mg/kg/day; 12 months

2025 initially; increased maintained at 5 mg/day

to <75 mg/day
within 1 week

Fei et al. 35 34 GCs + MMF  GCs MMF 1-1.5 g/day Starting 0.6 12 months
2019 for 6 months; then, 0.8 mg/kg/day;
0.5-1.0 g/day for ~ maintained at
6 months 10 mg/day
Masamune 30 19 GCs GC cessation  GCs withdrawn Starting 0.6 mg/kg/day; 3 years
etal. 2017 at 26 weeks maintained at
5-7.5 mg/day
Stone etal. 68 67 GCs + INEB  GCs INEB 300-mg IV~ Prednisone 20 mg/day 52 weeks
2025 infusions on days  taper regimen
1 and 15 and
week 26
Wangetal. 33 33 GCs + LEF GCs LEF 20 mg/day Starting 0.5~ 12 months
2020 in addition to GCs 0.8 mg/kg/day;
maintained at
10 mg/day

Note: GCs, glucocorticoids; THAL, thalidomide; MMF, mycophenolate mofetil; INEB, inebilizumab; LEF,
leflunomide; IV, intravenous.

Remission

The treatment network included six strategies: glucocorticoids alone, glucocorticoid cessation, glu-
cocorticoids plus thalidomide, glucocorticoids plus mycophenolate mofetil, glucocorticoids plus
inebilizumab, and glucocorticoids plus leflunomide (Fig. 2A). Direct evidence was available primarily
for comparisons of combination therapy versus glucocorticoids alone, as well as glucocorticoid
maintenance therapy versus glucocorticoid cessation.

A B

GCs + INEB

GCs + MMF

GCs cessation
GCs + LEF

GCs cessation

GCs + LEF

GCs + THAL

GCs + MMF GCs + THAL

Figure 2. Network plot of enrolled studies. GCs, glucocorticoids; THAL, thalidomide; MMF,
mycophenolate mofetil; INEB, inebilizumab; LEF, leflunomide.

Compared with glucocorticoids alone, the strongest relative effect was observed for glucocorticoids
plus thalidomide, followed by glucocorticoids plus inebilizumab, glucocorticoid cessation, and gluco-
corticoids plus mycophenolate mofetil (Fig. 3A). In the network meta-analysis, glucocorticoids plus
thalidomide was associated with a significantly higher remission rate compared with glucocorticoids
alone (OR, 31.3; 95% CI, 5.74-171) (Table 2). Similarly, glucocorticoids plus inebilizumab (OR, 12.9;



Journal of Clinical Question. 2026; 3(3): €276 Page 7 of 13

95% CI, 5.13-32.5), glucocorticoid cessation (OR, 4.71; 95% CI, 1.37-16.2), and glucocorticoids
plus mycophenolate mofetil (OR, 3.07; 95% CI, 1.09-8.62) were associated with significantly higher
remission rates compared with glucocorticoids alone, whereas glucocorticoids plus leflunomide was
not (Table 2). Glucocorticoids plus thalidomide also showed superiority over glucocorticoid cessation
(OR, 6.63; 95% CI, 2.07-21.2), glucocorticoids plus mycophenolate mofetil (OR, 10.2; 95% CI, 1.40—
74.2), and glucocorticoids plus leflunomide (OR, 12.8; 95% CI, 1.78-92.1). However, it was not
significantly superior to glucocorticoids plus inebilizumab (OR, 2.42; 95% CI, 0.35-16.7).

A Comparison: other vs 'GCs'
Treatment (Random Effects Model) OR 95% CI
GCs + INEB —— 12.9 [5.13; 32.46]
GCs + LEF T 244 [0.89; 6.70]
GCs + MMF — 3.07 [1.09; 8.62]
GCs + THAL —— 313 [5.74; 170.5]
GCs cessation — 4.71 [1.37; 16.20]
I T T 1
0.01 0.1 1 10 100
B .
Comparison: other vs 'GCs'
Treatment (Random Effects Model) OR 95% CI
GCs + LEF —— 0.30 [0.10; 0.93]
GCs + MMF —— 0.93 [0.36; 2.43]
GCs + THAL —_— 0.34 [0.06; 2.10]
GCs cessation — 4.52 [1.30; 15.66]
I T T 1
C 0.1 051 2 10
Comparison: other vs 'GCs'
Treatment (Random Effects Model) OR 95% CI
GCs + INEB — 2.00 [0.18; 22.60]
GCs + LEF —— 1.63 [0.62; 4.31]
GCs + MMF — 0.63 [0.23; 1.70]
GCs + THAL —a— 20.4 [2.56; 162.5]
GCs cessation [ e 2.40 [0.47; 12.18]
I T T 1

0.01 0.1 1 10 100

Figure 3. Direct comparation for different treatment strategy with glucocorticoids. (A)
Remission; (B) relapse; and (C) adverse events. GCs, glucocorticoids; OR, odds rtio; CI,
confidence interval, THAL, thalidomide; MMF, mycophenolate mofetil; TNEB, inebilizumab;
LEF, leflunomide.

The highest P-score was observed for glucocorticoids plus thalidomide (0.960), indicating that
it was the most favorable among the treatment options. This was followed by glucocorticoids
plus inebilizumab (0.811) and glucocorticoid cessation (0.517). Glucocorticoids plus mycophenolate
mofetil (0.388) and glucocorticoids plus leflunomide (0.312) exhibited lower rankings in this regard,
while glucocorticoids alone had the lowest P-score (0.013), which suggests that it was the least favorable
option in this comparison (Fig. S1). There was no assessable heterogeneity or inconsistency in the
network.

Relapse

The studies reporting relapse rates included five treatment strategies: glucocorticoids alone, glucocor-
ticoid cessation, glucocorticoids plus thalidomide, glucocorticoids plus mycophenolate mofetil, and
glucocorticoids plus leflunomide (Fig. 2B). In the network meta-analysis of relapse, glucocorticoid
cessation was associated with a higher risk of relapse compared with glucocorticoids alone (Fig. 3B).
The network meta-analysis showed that, compared with glucocorticoid cessation, glucocorticoids plus
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Table 2. Network meta-analysis of remission rates and AEs

Remission rate

Treatment GCs + THAL GCs + INEB GC cessation GCs + MMF GCs + LEF
GCs + INEB 2.42 (0.35-16.7) — — — —
GC cessation 6.63 (2.07-21.2) 2.74 (0.59-12.8) — — —
GCs + MMF 10.2 (1.40-74.2) 4.21 (1.05-16.8) 1.54 (0.31-7.68) — —
GCs + LEF 12.8 (1.78-92.1) 5.28 (1.35-20.7) 1.93 (0.39-9.50) 1.26 (0.30-5.32) —
GCs 31.3 (5.74-171) 12.9 (5.13-32.5) 4.71 (1.37-16.2) 3.07 (1.09-8.62) 2.44 (0.89-6.70)
Relapse rate
Treatment GCs + LEF GCs + THAL GCs + MMF GCs
GCs + THAL  0.88 (0.10-7.43) — — —
GCs + MMF 0.32(0.07-1.41) 0.37 (0.05-2.85) — —
GCs 0.30 (0.10-0.93) 0.34 (0.06-2.10) 0.93 (0.36-2.43) —
GC cessation 0.07 (0.01-0.36) 0.08 (0.02-0.28) 0.21 (0.04-0.99) 0.22 (0.06-0.77)
AEs
Treatment GCs + MMF GCs GCs + LEF GCs + INEB GC cessation
GCs 0.63[0.23-1.70] — — — —
GCs + LEF 0.38 [0.10-1.55] 0.61[0.23-1.62] — — —
GCs + INEB 0.31[0.02-4.31] 0.50 [0.04-5.65] 0.81[0.06-11.1] — —
GC cessation 0.26 [0.04-1.76] 0.420.08-2.12] 0.70 [0.10-4.51] 0.83[0.05-3.4] —
GCs + THAL  0.03[0.01-0.31] 0.05[0.01-0.39] 0.08 [0.01-0.79] 0.10 [0.01-0.38] 0.12 [0.03-0.43]

Note: AE, adverse events; GCs, glucocorticoids; THAL, thalidomide; MMF, mycophenolate mofetil; INEB,
inebilizumab; LEF, leflunomide.

leflunomide had a lower risk of relapse (OR, 0.07; 95% CI, 0.01-0.36), followed by glucocorticoids
plus thalidomide (OR, 0.08; 95% CI, 0.02-0.28), glucocorticoids plus mycophenolate mofetil (OR,
0.21; 95% CI, 0.04-0.99), and glucocorticoids alone (OR, 0.22; 95% CI, 0.06-0.77). Glucocorticoids
plus leflunomide also showed a lower risk of relapse compared with glucocorticoids alone (OR, 0.30;
95% CI, 0.10-0.93).

The highest P-score was observed for glucocorticoids plus leflunomide (0.865), indicating that it was
the most favorable treatment option for reducing relapse. This was followed by glucocorticoids plus
thalidomide (0.790), glucocorticoids plus mycophenolate mofetil (0.442), and glucocorticoids alone
(0.394). Glucocorticoid cessation had the lowest P-score (0.009), which suggests that it was the least
favorable strategy in this comparison (Fig. S2). There was no assessable heterogeneity or inconsistency
in the network.

AEs

The studies reporting AEs included six strategies, the same as those for the outcome of remission
(Fig. 2A). In the network meta-analysis of AEs, no clear significant difference was observed among
most active treatment strategies, including glucocorticoids alone, glucocorticoids plus mycophenolate
mofetil, glucocorticoids plus leflunomide, glucocorticoids plus inebilizumab, and glucocorticoid
cessation, except for glucocorticoids plus thalidomide (Fig. 3C). CIs were generally wide, indicating
uncertainty in the comparative safety estimates. The network meta-analysis showed that, compared
with glucocorticoids plus thalidomide, glucocorticoids plus mycophenolate mofetil (OR, 0.03; 95%
CI, 0.01-0.31), glucocorticoids alone (OR, 0.05; 95% CI, 0.01-0.39), glucocorticoids plus leflunomide
(OR, 0.08; 95% CI, 0.01-0.79), glucocorticoids plus inebilizumab (OR, 0.10; 95% CI, 0.01-0.38),
and glucocorticoid cessation (OR, 0.12; 95% CI, 0.03-0.43). For AEs, the highest P-score was
observed for glucocorticoids plus mycophenolate mofetil (0.891), which indicates that it had the
most favorable safety ranking among the treatment strategies. This was followed by glucocorticoids
alone (0.716), glucocorticoids plus leflunomide (0.491), glucocorticoids plus inebilizumab (0.478), and
glucocorticoid cessation (0.405). Glucocorticoids plus thalidomide had the lowest P-score (0.019),
which suggests that it was the least favorable option with respect to AEs (Fig. S3). Because AE
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reporting differed across trials, the comparative safety ranking should be interpreted cautiously. There
was no assessable heterogeneity or inconsistency in the network.

Risk of Bias and Certainty of Evidence

The risk of bias for remission, relapse, and AEs is shown in Figs. S4-S6 and was considered high for all
three outcomes. The certainty of evidence for the key outcomes is summarized in Table S3. Overall, the
certainty of evidence was rated as low, mainly because of risk of bias, sparse evidence networks, and
imprecision. Because of the limited number of included trials, the impact of study quality on pooled
estimates could not be fully explored through sensitivity analyses.

Discussion

In this systematic review and network meta-analysis of RCTs, combination therapy with gluco-
corticoids and selected steroid-sparing agents appeared to provide greater clinical benefit than did
glucocorticoid monotherapy in patients with [gG4-RD. The principal finding was that glucocorticoids
plus thalidomide ranked highest for remission and were superior to most other treatment strategies,
except glucocorticoids plus inebilizumab. However, this regimen was also associated with the highest
risk of AEs. Glucocorticoids plus leflunomide ranked highest for relapse prevention, though this
strategy showed the lowest efficacy for remission induction. Glucocorticoids plus mycophenolate
mofetil also improved remission compared with glucocorticoids alone and demonstrated the most
favorable safety ranking among the evaluated strategies. In contrast, glucocorticoid cessation was
associated with the least favorable relapse profile, supporting the clinical observation that relapse is
common after glucocorticoid tapering or discontinuation. The apparently favorable remission result
for glucocorticoid cessation should be interpreted cautiously, as it may reflect patient selection or trial
design rather than true superiority over conventional glucocorticoid therapy. Overall, these findings
are consistent with previous clinical experience, which shows that glucocorticoids are effective for
induction therapy but limited by relapse and cumulative toxicity, while immunomodulatory or biologic
agents may serve as steroid-sparing approaches.’!-32 Therefore, these findings should inform, rather
than determine, treatment selection and should be interpreted in the context of individual patient
characteristics and treatment-related risks. P-score rankings may be unstable in sparse networks and
should be interpreted together with the corresponding Cls.

Glucocorticoids remain the cornerstone of initial [gG4-RD treatment because they usually lead to
rapid improvement in clinical symptoms, organ enlargement, inflammatory markers, and radiologic
abnormalities.” Nevertheless, long-term disease control remains challenging. The present analysis
reinforces this concern by showing that glucocorticoids alone ranked lowest for remission and that
glucocorticoid cessation ranked lowest for relapse prevention. These results suggest that although
glucocorticoids are effective in inducing initial disease control, they may be insufficient as a standalone
long-term strategy for many patients. This is particularly relevant because [gG4-RD often affects older
adults and may involve multiple organs, which makes prolonged glucocorticoid exposure undesirable
due to the risks of infection, diabetes, osteoporosis, hypertension, cataracts, and other steroid-related
complications.’! Therefore, treatment strategies that improve remission while reducing relapse and
limiting steroid exposure are clinically important.

The inclusion of inebilizumab is notable because it reflects the growing interest in B-cell-directed
therapy for IgG4-RD. The glucocorticoids plus inebilizumab strategy was associated with a sig-
nificantly higher remission rate than glucocorticoids alone and ranked second for remission. This
finding supports the concept that B-cell depletion or B-cell pathway targeting may be effective in
IgG4-RD, a disease characterized by plasmablast expansion and dysregulated humoral immunity.3?
However, relapse data were not available for inebilizumab in the network, limiting conclusions
about the durability of response. Moreover, longer follow-up is needed to better define infection
risk, hypogammaglobulinemia, vaccination response, and the optimal timing of retreatment. The
promising efficacy signal of inebilizumab also highlights a key evidence gap: although rituximab
is commonly used in refractory, relapsing, or organ-threatening IgG4-RD, randomized controlled
evidence for rituximab was not available for inclusion in this analysis. As a result, the present network
cannot determine whether rituximab is superior, equivalent, or inferior to thalidomide, leflunomide,
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mycophenolate mofetil, inebilizumab, or glucocorticoids alone. This limitation has important impli-
cations for interpretation and clinical application. Rituximab has been widely adopted in practice
based on observational studies, mechanistic rationale, and clinical experience, particularly for patients
with recurrent disease, contraindications to glucocorticoids, or multiorgan involvement.’? Future
randomized trials comparing rituximab with glucocorticoids, conventional immunosuppressants, and
newer B-cell-targeted agents are needed to clarify its relative efficacy, relapse-prevention capacity,
safety, cost-effectiveness, and optimal retreatment schedule.

Among the evaluated interventions, glucocorticoids plus thalidomide showed the strongest asso-
ciation with remission. The effect size was substantially greater than that of glucocorticoids alone,
and thalidomide also ranked highly for preventing relapse. This suggests that thalidomide may
have meaningful immunomodulatory activity in IgG4-RD when used alongside glucocorticoids.
Its potential benefit may be related to the suppression of inflammatory cytokines, modulation of
lymphocyte activity, and antifibrotic effects, all of which are biologically plausible in a fibroinflam-
matory disorder such as IgG4-RD.>* However, the favorable efficacy signal must be interpreted
alongside the safety results. Glucocorticoids plus thalidomide exhibited the least favorable ranking
for AEs, and other treatment strategies showed significantly lower odds of AEs when compared with
thalidomide-containing therapy. This finding is clinically important because thalidomide is associated
with neuropathy, sedation, constipation, thromboembolic risk, and teratogenicity. Therefore, although
thalidomide may be effective, its role may be limited to carefully selected patients, with close
monitoring and individualized risk—benefit assessment.

Glucocorticoids plus leflunomide ranked highest for relapse prevention and significantly reduced
relapse compared with both glucocorticoid cessation and glucocorticoids alone. This finding suggests
that leflunomide may be particularly useful as a maintenance or relapse-prevention strategy. Relapse
prevention is a major treatment goal in IgG4-RD because recurrent inflammation can lead to
progressive fibrosis and irreversible organ damage, particularly in the pancreas, biliary tract, kidneys,
retroperitoneum, and other critical organs. The apparent benefit of leflunomide may reflect its
inhibitory effect on lymphocyte proliferation and downstream immune activation. However, lefluno-
mide did not show a significant remission advantage over glucocorticoids alone in this analysis.
This may indicate that leflunomide is more effective for sustaining disease control than for inducing
remission, although the small number of trials and wide CIs limit firm conclusions. Hepatotoxicity,
cytopenia, gastrointestinal intolerance, hypertension, and drug interactions should also be considered
when selecting leflunomide for long-term therapy.’

Glucocorticoids plus mycophenolate mofetil showed a more balanced profile, with improved
remission compared with glucocorticoids alone and the most favorable safety ranking. Although its
efficacy ranking was lower than that of thalidomide for remission and lower than that of leflunomide
for relapse prevention, mycophenolate mofetil may represent a practical steroid-sparing option for
patients in whom tolerability is a priority. This may be especially relevant for patients with comorbidi-
ties that increase the risk of steroid toxicity or in those for whom thalidomide or leflunomide would
be less suitable. The safety ranking should be interpreted cautiously because AE reporting differed
across trials, and CIs were wide. Mycophenolate mofetil can still cause gastrointestinal symptoms,
leukopenia, infection risk, and teratogenicity, requiring appropriate laboratory monitoring and patient
counseling.°

Several additional limitations should be considered. First, only five RCTs involving 376 patients
were included, resulting in sparse networks and wide Cls across several comparisons. The small sample
size and sparse treatment network may reduce the stability of the network estimates, particularly
for treatment rankings based on P-scores. Second, the overall risk of bias was high for remission,
relapse, and AEs, and the certainty of evidence was rated as low due to risk of bias and imprecision.
Third, clinical heterogeneity may have influenced the results. IgG4-RD is a highly heterogeneous
disease, and treatment response may differ according to organ involvement, baseline disease activity,
degree of fibrosis, serum IgG4 concentration, prior relapse history, and glucocorticoid regimen. These
differences may have acted as potential effect modifiers, thereby affecting the transitivity assumption
and the validity of indirect comparisons. Fourth, definitions of remission, relapse, and AEs may have
varied across studies, despite attempts to standardize outcomes. Fifth, follow-up duration ranged
from 52 weeks to 3 years, which may be insufficient to fully assess long-term relapse, irreversible
organ damage, cumulative toxicity, or late safety events. Finally, because direct head-to-head evidence
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was limited and the sparse network structure restricted formal assessment of consistency, transitivity,
and sensitivity analyses, treatment rankings should be considered hypothesis-generating rather than
definitive.

Conclusion

This network meta-analysis suggests that combining glucocorticoids with selected steroid-sparing
agents may improve outcomes compared with glucocorticoids alone in patients with IgG4-RD.
Glucocorticoids plus thalidomide ranked highest for remission but had the least favorable safety
profile, whereas glucocorticoids plus leflunomide ranked highest for relapse prevention despite lower
remission efficacy. Glucocorticoids plus mycophenolate mofetil showed a favorable balance between
efficacy and safety, whereas glucocorticoid cessation was associated with the poorest relapse profile.
Given the small sample sizes, risk of bias, low certainty of evidence, and lack of randomized rituximab
trials, these findings should be interpreted cautiously. Larger, high-quality trials are needed to define
the optimal steroid-sparing strategy for IgG4-RD.
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