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Clinical Question Box

<p>Among patients with immunoglobulin G4-related disease (IgG4-RD), how do
conventional immunomodulatory and B-cell-targeted therapies compare with glucocorticoid-

based or placebo controls for efficacy and safety?</p>

<p>Low-certainty evidence suggests that active therapies improve remission in patients with
IgG4-RD, while very-low-certainty evidence suggests a reduction in relapse. B-cell-targeted
therapies showed favorable trends in efficacy and adverse events compared with conventional
immunomodulatory treatments, although between-category differences were not statistically
significant. Serious adverse event outcomes remain uncertain. An exploratory indirect
comparison suggested a larger placebo-relative reduction in annualized flare rates with
inebilizumab, but head-to-head superiority and relative glucocorticoid-sparing effects remain

uncertain.</p>
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Abstract

Introduction: Immunoglobulin G4-related disease (IgG4-RD) frequently relapses during or
after glucocorticoid tapering. The comparative efficacy and safety of conventional

immunomodulatory and B-cell-targeted treatments remain uncertain.

Methods: Randomized controlled trials (RCTs) identified in PubMed, Embase, Web of
Science, and the Cochrane Library were synthesized using random-effects pairwise meta-
analysis. Outcomes included remission, relapse or disease flare, adverse events, annualized

flare rates, and additional glucocorticoid exposure.
Results:

Five RCTs included 521 analyzable participants. Active treatment increased remission (risk
ratio [RR], 1.81; 95% confidence interval [CI], 1.44-2.28; I = 20.1%), with no significant
difference between treatment categories (P = 0.1463). Active treatment also reduced relapse
(RR, 0.35; 95% CI, 0.22—-0.55; 1> = 53.6%), without a significant between-category difference
(P =0.7181). Any adverse events (AEs) did not differ significantly overall (RR, 1.28; 95% CI,
0.90-1.83), and the between-category difference was not significant (P = 0.113). Serious
adverse events (SAEs) also showed no significant overall difference (RR, 1.00; 95% CI, 0.36—
2.74). Inebilizumab demonstrated a greater placebo-relative reduction in annualized flare rates
than obexelimab (rate ratios, 0.14 vs. 0.48; P = 0.009). Cumulative additional glucocorticoid
exposure was numerically reduced to a greater extent with inebilizumab, although the between-
treatment difference was not statistically significant (mean differences, —1.27 vs. —0.60 g; P =

0.061).

Conclusion: Conventional immunomodulatory and B-cell-targeted therapies improved
remission and reduced relapse compared with their respective controls. An exploratory indirect
comparison suggested a larger placebo-relative reduction in annualized flare rates with

inebilizumab, without establishing direct comparative superiority.
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Introduction

Immunoglobulin  G4-related disease (IgG4-RD) is a relapsing, immune-mediated
fibroinflammatory disorder that can involve the pancreas, biliary tract, salivary and lacrimal
glands, kidneys, lungs, and retroperitoneum.! Persistent inflammation may culminate in
irreversible organ damage. In a United States population-based claims analysis, the estimated
point prevalence was 5.3 per 100,000 persons in 2019, and affected individuals had greater
mortality than matched controls with an adjusted hazard ratio of 2.51.> These challenges
underscore the need for therapeutic strategies that achieve sustained remission, prevent relapse,

preserve organ function, and minimize long-term treatment-related toxicity.?

Glucocorticoids (GCs) are effective for remission induction but are limited by relapse during
tapering or after discontinuation and by cumulative toxicity.* In a Japanese multicenter study,
30.3% of GC-treated patients relapsed during follow-up.’ Prolonged GC use can cause
hyperglycemia, osteoporosis, hypertension, and weight gain.® Higher GC exposure has also
been associated with greater infection-related and multisystem toxicities.” Effective GC-

sparing strategies are therefore a central therapeutic objective.

Conventional immunomodulatory agents, including mycophenolate mofetil, leflunomide, and
thalidomide, have been evaluated in combination with GCs. More recently, B-cell-targeted
approaches have emerged from evidence implicating activated B cells, plasmablasts, and their
interactions with pathogenic T cells in IgG4-RD.? Inebilizumab depletes CD19-expressing B-
cell populations, whereas obexelimab inhibits B-cell signaling through coengagement of CD19
and the inhibitory Fc gamma receptor IIb without substantial B-cell depletion. Randomized,
placebo-controlled phase 3 trials have demonstrated clinically important reductions in disease

flare with both agents.®?
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An earlier network meta-analysis evaluated pharmacological interventions for IgG4-RD,!°
indirect comparisons between conventional immunomodulatory and B-cell-targeted therapies
remain complicated by differences in trial populations, background GC regimens, and outcome
definitions. The present systematic review and pairwise meta-analysis of randomized
controlled trials (RCTs) examined remission, relapse, and safety outcomes across these
treatment categories. Exploratory analyses also compared placebo-relative annualized flare
rates and additional glucocorticoid (GC) exposure between the inebilizumab and obexelimab

trials.
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Methods
Study Design and Registration

This systematic review and meta-analysis followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) 2020 statement.!! The study protocol was
prospectively registered in the Open Science Framework under registration number
(10.17605/OSF.I0/B4J2E).!? Because only previously published data were analyzed, ethics

committee approval and individual informed consent were not required.
Literature Search Strategy

PubMed, Embase, Web of Science, and the Cochrane Library were searched from inception to
August 1, 2026, using controlled vocabulary and free-text terms related to IgG4-RD,
randomized controlled trials, glucocorticoids, immunosuppressive therapies, and B-cell-
targeted agents. No language restrictions were applied. Reference lists of eligible studies and
relevant reviews were also screened. to identify additional trials. The complete database-

specific search strategies are provided in Table S1.
Eligibility Criteria and Study Selection

Studies were eligible if they (1) were RCTs enrolling patients with I[gG4-RD; (2) compared a
non-GC pharmacological intervention, administered with or without a protocolized GC taper,
against placebo or a GC-based control regimen; and (3) provided extractable efficacy or safety
data. Eligible comparisons were analyzed within their randomized treatment contrasts; separate

trials were not treated as direct head-to-head comparisons.

Nonrandomized studies, trials comparing only GC regimens, uncontrolled studies, duplicate

reports, and publications without sufficient outcome data were excluded. Titles and abstracts
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were independently screened by two reviewers (R.Z. and B.D.), who also assessed full-text
eligibility.
Data Extraction

Two reviewers independently recorded trial design, randomized and analyzed sample sizes,
baseline characteristics, treatments, GC tapering schedules, follow-up, endpoint definitions,
and adverse events. Event counts and denominators were extracted for binary outcomes;
continuous or regression-adjusted results were recorded as originally reported, together with
their 95% ClIs when available. Disagreements arising during study selection or data extraction
were resolved by consensus. Distinctions between randomized and per-protocol populations

were retained.
Outcome Measures

Outcomes were assessed separately for two  therapeutic categories: conventional
immunomodulatory therapy and B-cell-targeted therapy. The registered primary efficacy
outcome was trial-defined relapse ‘or disease flare; remission was a key secondary efficacy
outcome. Because remission, complete remission, relapse, and adjudicated flares were not
identically defined across studies, pooled estimates were interpreted in the context of these
differences. Secondary safety outcomes included any adverse event (AE) and serious adverse
event (SAE). Annualized flare rate and additional GC exposure were assessed in the two B-
cell-targeted trials. Both trials assessed additional GC exposure beyond the planned taper over
52 weeks, supporting cautious comparison of GC-sparing effects, although inebilizumab

included GC use for treatment or maintenance, whereas obexelimab assessed rescue GC use.
Risk of Bias Assessment

Risk of bias was assessed independently by two reviewers using the revised Cochrane Risk of

Bias tool (RoB 2), with judgments assigned for each outcome-specific result.!* The five
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domains cover randomization, deviations from intended intervention, missing outcome data,

outcome measurement, and selection of the reported result.
Certainty of Evidence

Certainty of evidence was assessed using the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) framework across risk of bias, inconsistency,

indirectness, imprecision, and publication bias.!'*
Statistical Analysis

Pairwise meta-analyses were performed in EZR, a graphical interface for R.!> Dichotomous
endpoints were expressed as risk ratios (RRs) with 95% Cls; continuous effects were expressed
as mean differences (MDs). Published annualized flare rate ratios were synthesized on the log
scale using their reported Cls to estimate standard errors, Random-effects models were used to
accommodate variation in underlying treatment effects (DerSimonian—Laird for the SAE
analysis).!® Between-trial heterogeneity was assessed using Cochran’s Q, I2, and the between-
study variance (12).!7 Tests for subgroup differences were used to compare treatment categories
and, exploratorily, the additional GC exposure estimates from the two B-cell-targeted trials.
Funnel plots and tests for small-study effects were not performed because fewer than 10 studies
contributed to each analysis. All tests were two-sided, with P < 0.05 considered statistically

significant.
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Results
Characteristics of the Included Studies

The database searches identified 1,167 records. After removing 169 duplicate records, 998
records underwent title and abstract screening, of which 943 were excluded. The remaining 55
reports were assessed for eligibility through full-text review, and 50 were excluded (Figure S1).
Ultimately, five randomized controlled trials (RCTs) involving 521 analyzable patients were
included in the meta-analysis.®*!32° The conventional immunomodulatory subgroup
comprised three trials (192 analyzed patients) investigating thalidomide, mycophenolate
mofetil, or leflunomide combined with GCs.'®2° The B-cell-targeted subgroup comprised two
placebo-controlled trials (329 randomized patients) of.inebilizumab or obexelimab with
standardized early GC tapering.®® Follow-up was 12 months or'52 weeks. The thalidomide trial
randomized 60 patients but reported outcomes for 57 per-protocol completers.'® Study

characteristics are provided in Table 1.
Remission

All five RCTs reported a trial-defined remission outcome. Active treatment increased the
pooled probability of remissionrelative to its corresponding control (RR, 1.81; 95% CI, 1.44—
2.28; 1% = 20.1%; Figure 1) Effects were observed in both B-cell-targeted trials (RR, 2.20; 95%
CI, 1.56-3.09; I> =0%) and trials of conventional agents (RR, 1.60; 95% CI, 1.25-2.06; I> =
7%). The difference between these subgroup estimates was not statistically significant (P =
0.146), and remission definitions differed across trials. In a sensitivity analysis excluding Chen

et al., the pooled effect remained significant (RR, 1.74; 95% CI, 1.35-2.23; I = 24.7%).
Relapse

All five trials contributed relapse. Active interventions reduced relapse compared with their

respective controls (RR, 0.35; 95% CI, 0.22-0.55; 1> = 53.6%; Figure 2). Subgroup estimates
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were RR 0.31 (95% CI, 0.11-0.85; I> = 84%) for B-cell-targeted treatment and RR 0.38 (95%
CI, 0.23-0.62; 1> = 15%) for conventional immunomodulation. There was no evidence of a
difference between subgroups (P = 0.718). Heterogeneity was particularly pronounced in the

B-cell-targeted subgroup. A sensitivity analysis excluding Chen et al. yielded a similar result

(RR, 0.38; 95% CI, 0.24-0.62; I* = 54.8%).

AE

Across five RCTs, the pooled incidence of any AE did not differ significantly between active
treatments and control regimens (RR, 1.28; 95% CI, 0.90-1.83; I>=77.4%; Figure 3). The
subgroup RR was 1.00 (95% CI, 0.97-1.04; I = 0%) for B-cell-targeted agents and 1.65 (95%
CI, 0.89-3.03; I? = 77.1%) for conventional agents.-The AE point estimates differed
numerically between treatment categories, but the subgroup difference was not statistically
significant (P = 0.113). These indirect subgroup. estimates do not establish a difference in
comparative safety. In a post hoc sensitivity analysis excluding Chen et al., the pooled estimate

was RR 1.01 (95% CI, 0.98-1.04; I* = 0%).

SAE

SAE data from three RCTs (395 participants) were included in the random-effects risk-ratio
analysis (Figure S2). The pooled RR was 1.00 (95% CI, 0.36-2.74; 1> = 55.7%). For the two
B-cell-targeted trials, the reported RR was 1.01 (95% CI, 0.29-3.49; I? = 77.8%); the single
conventional-agent comparison gave RR 1.00 (95% CI, 0.07—15.33). No subgroup difference

was detected (P = 0.994).

Exploratory Comparison of Inebilizumab and Obexelimab

Inebilizumab reduced annualized flares versus placebo (rate ratio, 0.14; 95% CI, 0.06-0.31),

as did obexelimab (rate ratio, 0.48; 95% CI, 0.32—0.74). In the exploratory meta-analysis, the
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pooled rate ratio was 0.27 (95% CI, 0.08-0.91; I> = 85.4%), and the between-trial contrast was

statistically significant (P = 0.009; Figure 4).

Both inebilizumab and obexelimab significantly reduced cumulative additional glucocorticoid
exposure compared with their respective placebo controls. Inebilizumab showed a numerically
greater reduction than obexelimab (MD, —1.27 g; 95% CI, —1.69 to —0.84 vs. MD, —0.60 g;
95% CI, —1.15 to —0.05), although the between-treatment difference was not statistically

significant (P = 0.061; Figure S3).

Risk of Bias

For remission, one trial was at low risk of bias, one at high risk, and three had some concerns
(Figure S4). All five trials had some concerns for relapse (Figure S5). For any adverse events,
one trial was at low risk, one at high risk, and three had some concerns (Figure S6). For serious
adverse events, two trials were at low risk of bias and one had some concerns (Figure S7).

Certainty of Evidence

GRADE certainty was low for remission and very low for relapse, any adverse event, and
serious adverse events (Table S2). Downgrading reflected outcome-specific risk-of-bias
concerns, nonuniform-endpoint definitions, heterogeneity, and imprecision. The SAE counts

were reconciled against the two phase 3 trial reports and the extracted Wang et al. data.
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Discussion

In five RCTs, both conventional immunomodulatory and B-cell-targeted strategies improved
trial-defined remission and reduced relapse versus their respective controls. This review
incorporates the 2026 phase 3 obexelimab trial and presents outcome-specific safety and
exploratory flare-rate analyses; however, it does not establish head-to-head treatment effects.
Although B-cell-targeted therapies showed numerically more favorable outcomes for
remission, relapse prevention, and AEs, the between-category differences were not statistically
significant. The limited sample size may have reduced statistical power to detect these
differences. Among B-cell-targeted therapies, an exploratory indirect comparison suggested a
larger placebo-relative reduction in annualized flare rates with inebilizumab than obexelimab,
a finding supported by a trend toward greater reductions in additional glucocorticoid use,
although the latter difference was not statistically significant. Differences in control regimens

and outcome definitions are important when interpreting these pooled effects.

The biological rationale for B-cell-directed  treatment is nevertheless strong. Expanded,
somatically mutated plasmablast populations characterize active IgG4-RD, and distinct clones
can emerge at relapse?! Clonally expanded cytotoxic CD4+ T cells produce inflammatory and
profibrotic mediators, including interleukin-1 and transforming growth factor-f1; their
numbers. decrease after B-cell depletion.?? These observations suggest that disrupting
interactions between B cells and pathogenic T cells could enhance durable disease control.
However, they do not imply that broad immunomodulatory agents are ineffective, nor do they

establish a mechanistic explanation for between-trial effect differences.

Safety outcomes require cautious interpretation. The substantial heterogeneity in any AEs may
reflect differences in toxicity profiles among conventional immunomodulatory agents,

particularly as most AEs reported in the thalidomide trial were mild.!® Although no significant
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differences were detected in the pooled AE and SAE analyses, the limited number of serious
events and wide confidence intervals reduce the ability to identify clinically important safety
differences. Longer-term studies are needed to establish comparative safety, particularly

regarding infections and hypogammaglobulinemia associated with B-cell-depleting therapy.

The placebo-relative annualized flare rate ratio was smaller for inebilizumab than for
obexelimab. This finding is biologically plausible because inebilizumab depletes CD19-
expressing cells, whereas obexelimab inhibits signaling without comparable depletion.®®
Observational evidence that incomplete B-cell depletion after rituximabis associated with
earlier relapse supports the possible importance of depletion depth, while a phase 2 obexelimab
study provides mechanistic evidence for a nondepleting approach.?3** Nonetheless, differences
in eligibility, baseline relapse risk, flare adjudication, GC use, and follow-up procedures could
also generate the apparent difference. The high heterogeneity in the two-study flare-rate

analysis makes any treatment ranking particularly uncertain.

This study has several limitations. First, the inclusion of only five RCTs limited statistical
power, particularly for subgroup comparisons and safety outcomes. Second, differences in
study populations, control regimens, and outcome definitions introduced clinical heterogeneity.
Third, the use of per-protocol data in one trial and outcome-specific risks of bias may have
affected the reliability of the pooled estimates. In addition, differences in the definitions of
cumulative glucocorticoid exposure between the inebilizumab and obexelimab trials limited
direct comparability. Finally, the absence of head-to-head trials precluded definitive
conclusions regarding the comparative efficacy and safety of these treatments. Larger

comparative trials with standardized outcomes and longer follow-up are warranted.
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Conclusion

Both conventional immunomodulatory and B-cell-targeted therapies improved remission and
reduced relapse compared with their respective controls. B-cell-targeted therapies showed
favorable trends in efficacy and safety, although between-category differences were not
statistically significant. An exploratory indirect comparison suggested a larger placebo-relative
reduction in annualized flare rates with inebilizumab than obexelimab;. head-to-head

comparative efficacy and glucocorticoid-sparing effects remain uncertain.
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Table 1. Characteristics of the five included randomized controlled trials

Age, years,

Male, Follow- .
Study Intervention Comparator nT nC mean (SD) (n; /Iel Cn) ouow GC regimen
(nT/nC) B
Chen et al., Thalidom'ide? + Placebf) +' 79 )3 NR 9/8 12 Prot.()coliz.ed taper to
2025 glucocorticoids  glucocorticoids months discontinuation
) MMF + . 56.8 (10.5) / 12 Prednisone 0.6—0.8
Feietal., 201 .. \ rt 4 20/2
eietal, 2019 glucocorticoids Glucocorticoids 3 33 55.3:(13.8) P2 months mg/kg/day, tapered
Stone et al., e 58.2¢(11.5)/ Standardized taper; rescue
4 2 k
005 Inebilizumab Placebo 68 67 58.2 (122) 39/49 52 weeks permitted
Wang et al., Leflunomide + . 55:6(9.9)/ 12
Gl rticoid 33 33 21/24 0.5-0.8 mg/kg/day, t d
2020 glucocorticoids o oTHeOHEs 58.8 (12.4) months merkgraay, fapere
Della-Torre et ) 59.6 (13.4)/ Discontinued by week 8§;
1 P1 65/64 52 k
al., 2026 Obexelimab acebo A y 58.7 (12.0) Weeks rescue permitted

nT and nC indicate numbers analyzed in the intervention and control groups, respectively. Age is presented as mean (standard deviation) for
intervention/control; male sex as n/n. GC, glucocorticoid; MMF, mycophenolate mofetil; NR, not reported. In Chen et al., 60 participants were
randomized and 57 completed the trial per protocol; the table uses the analyzable denominators.



