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Abstract

Background: Myasthenia gravis (MG) is an autoimmune disorder that causes muscle weakness due to disrupted neuromuscular
transmission. This network meta-analysis compared the safety and effectiveness of monoclonal antibodies used to treat MG.
Methods: PubMed, Cochrane Central, and ScienceDirect were searched through June 2025. A frequentist network meta-analysis
was conducted using the “meta” and “netmeta” packages in RStudio version 4.3.3. Treatment rankings were determined by p-
scores.

Results: Eighteen randomized controlled trials (RCTs) were included in this network meta-analysis. Rozanolixzumab (ROZ)
10 mg/kg significantly decreased the MG Activities of Daily Living (MG-ADL) score compared to placebo (MD = —2.33; 95%CI:[-
3.60, —1.06]; p = 0.0003) and was ranked best (p-score = 0.77) regarding this outcome. Batoclimab (BAT) 680 mg significantly
reduced the Quantitative MG (QMG) score compared to placebo (MD = -5.17; 95%CI:[-6.44, -3.89]; p <0.0001) and was rated the
top performer (p-score = 0.96) for this endpoint. Regarding the MG Composite (MGC) score, BAT 340 mg was ranked best (p-score
= 0.82), although the decrease in MGC score was insignificant (MD —5.30; 95%CI:[-11.01, 0.41]; p = 0.07). Eculizumab (ECU) was
ranked best (p-score = 0.93) regarding the 15-item revised MG Quality of Life (MG-QoL 15r) score. Belimumab (BEL) 10 mg/kg
was ranked best regarding the adverse events (p-score = 0.87).

Conclusion: ROZ 10 mg/kg ranked best for MG-ADL. BAT 680 mg significantly reduced QMG and ranked best. BAT 340 mg had
the highest probability of reducing the MGC score. ECU significantly decreased MG-QoL 15r and ranked best. BEL 10 mg/kg had
the highest likelihood of reducing adverse events.

1 | Introduction

Myasthenia gravis (MG) is a chronic, autoimmune neuro-
muscular disorder characterized by fluctuating skeletal muscle
weakness due to impaired synaptic transmission at the neuro-
muscular junction (NMJ). This dysfunction is primarily caused
by IgG autoantibodies targeting the nicotinic acetylcholine

receptor (AChR), muscle-specific kinase (MuSK), or low-density
lipoprotein receptor-related protein 4 (LRP4) (Gilhus et al. 2019;
Gilhus and Verschuuren 2015; Pevzner et al. 2012). The clinical
presentation ranges from pure ocular symptoms to generalized
weakness affecting bulbar, limb, and respiratory muscles, with
significant variability in severity and progression. Globally, MG
affects approximately 150-250 individuals per million (Gilhus
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et al. 2019). There is a decreasing incidence of MG likely due to
heightened awareness and improved diagnostic capabilities (Carr
et al. 2010; Witthayaweerasak et al. 2021).

Conventional MG treatments include cholinesterase inhibitors
(e.g., pyridostigmine), corticosteroids, and non-steroidal
immunosuppressants such as azathioprine, mycophenolate
mofetil, and cyclosporine (Narayanaswami et al. 2021; Dalakas
2019; Guptill et al. 2016). Although many patients experience
symptomatic improvement, up to 20% remain refractory
or experience intolerable side effects, such as osteoporosis,
hypertension, diabetes, and increased infection or malignancy
risk (Drachman 1994; Mantegazza and Antozzi 2018). In addition,
these immunosuppressive therapies are non-specific and often
require months to take effect, limiting their utility in rapidly
progressive disease (Howard et al. 2017).

Advances in the understanding of MG immunopathogenesis have
led to the development of monoclonal antibody-based therapies
targeting specific immune pathways. These include complement
inhibitors such as eculizumab (ECU), ravulizumab (RAV), and
zilucoplan (ZIL) that block complement component C5 to prevent
membrane damage at the NMJ (Vu et al. 2025; Howard et al.
2021, 2023), as well as neonatal Fc receptor (FcRn) antagonists
like efgartigimod (EFG) and rozanolixizumab (ROZ) that reduce
circulating IgG autoantibody levels by inhibiting their recycling
(Habib et al. 2024; Shi et al. 2024). While these therapies have
demonstrated clinical efficacy in recent trials, treatment selection
remains empirical and lacks comparative guidance.

Furthermore, disease subtypes appear to influence biologic
response. MuSK-positive patients often respond better to ritux-
imab (RIT) (an anti-CD20 monoclonal antibody), while AChR-
positive patients show more significant benefit from complement
or FcRn-targeting agents (Hehir and Silvestri 2018). Despite
promising results, the growing number of monoclonal agents,
each with different mechanisms and dosing regimens, has
complicated clinical decision-making.

No study has systematically compared the dosing regimens
of these monoclonal antibodies across studies to date. The
present network meta-analysis addresses this gap by being the
first attempt to evaluate and compare the dosage strategies of
monoclonal antibodies used in MG. In addition, the recent pub-
lication of high-quality Phase 3 trials has enriched the available
evidence base, providing an opportunity for updated synthesis.
Finally, two novel biologics, including satralizumab (SAT) (IL-
6 receptor inhibitor) and inebilizumab (INE) (anti-CD19 agent),
have recently entered the therapeutic landscape for MG, further
emphasizing the need for a comprehensive, comparative evalua-
tion. The current study focuses on synthesizing data from existing
randomized controlled trials (RCTs) to compare efficacy and
safety and to rank dosing regimens for monoclonal antibodies,
thereby offering useful insights to clinicians navigating this
rapidly evolving landscape of MG treatment.

2 | Methods

This systematic review and network meta-analysis followed the
Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) statement (Page et al. 2021) and is in
accordance with the Cochrane Handbook for Systematic Reviews
of Interventions (Higgins et al. 2019). The protocol for this review
was registered with PROSPERO under the ID CRD420251129249.

2.1 | Literature Search

A detailed search was conducted across electronic databases,
including PubMed, Cochrane Library, and ScienceDirect, from
inception to June 2025. The bibliographies of the included studies
were searched for any relevant articles. The MeSH terms and
keywords used included: “Myasthenia Gravis,” “Generalized
Myasthenia Gravis,” “Muscle-Specific Receptor Tyrosine Kinase
Myasthenia Gravis,” “MuSK Myasthenia Gravis,” “Antibodies,
Monoclonal,” “Fc receptor, neonatal,” “Complement Inactivating
Agents,” and “Antigens, CD.” The details of search strings used in
different electronic databases are provided in Table SI.

2.2 | Study Selection and Eligibility Criteria

The articles obtained from searching the targeted databases
underwent initial screening of titles and abstracts after duplicates
were removed. Those articles that passed this primary screening
then proceeded to a secondary full-text review. Two independent
researchers (M.I. and Z.U.A.) conducted the screening, and any
disagreements were resolved by a third author (M.H.W.). The
PRISMA flowchart of the study selection process is shown in
Figure 1.

The inclusion criteria encompassed adult patients aged 18 years
or older with a confirmed diagnosis of generalized MG, classi-
fied as clinical Class II-V according to the Myasthenia Gravis
Foundation of America (MGFA). Patients in the intervention
group received various doses of monoclonal antibodies, while
those in the control group received a placebo. Studies were
included if they reported at least one of the following outcomes:
MG Activities of Daily Living (MG-ADL), Quantitative MG
(QMG), MG Composite (MGC), the 15-item revised MG Quality
of Life (MG-QoL 15r) scores, or adverse events. The study design
included only RCTs.

Patients under 18, studies that did not report the relevant
intervention and comparison groups, studies lacking the desired
outcomes, and study designs such as case reports, case series,
observational studies, and reviews were excluded.

2.3 | Data Extraction and Endpoints Definitions
Two independent authors (Z.U.A. and S.I.) extracted the data
on a predefined Microsoft Excel sheet, with any discrepancies
resolved by a third author (M.H.W.). The extracted baseline
characteristics included the author’s name, year, trial phase,
sample size, gender distribution, mean age, monoclonal antibody
classes used, thymectomy incidence, and presence of AChR+ MG
patients.

The extracted endpoints were MG-ADL, QMG, MGC, MG-QoL
15r scores, and adverse events. The MG-ADL is an eight-item
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FIGURE 1 | PRISMA flowchart of the study selection process.

scale with a score range from O to 24 points, used to evaluate
how MG symptoms impact daily activities (Wolfe et al. 1999). The
QMG is a 13-item scale with scores ranging from 0 to 39, based on
quantitative testing of the sentinel muscle groups (Barohn 2025).
The MGC is a 10-item scale with scores from 0 to 50 that assesses
the clinical status of MG patients by evaluating symptoms of
the disease (Burns et al. 2010). The MG-QoL 15 is a 15-item
questionnaire with scores from 0 to 60, designed to assess various
aspects of daily life quality in MG patients (Burns et al. 2016).
The revised scale (MG-QoL 15r) is used in all the included studies
except the study by Howard et al. (2017).

2.4 | Bias Assessment

The risk of bias of the included RCTs was assessed using the
Cochrane Risk of Bias (RoB 2.0) tool (Sterne et al. 2019). The RoB
2.0 tool evaluates quality across five domains: (1) Bias from the
randomization process, (2) bias from deviations in the intended
intervention, (3) bias caused by missing outcome data, (4) bias
in how outcomes are measured, and (5) bias in selecting which
results to report. The risk of bias for each included study was
classified as high, low, or uncertain.

2.5 | Statistical Analysis

A frequentist network meta-analysis was conducted using the
“meta” and “netmeta” packages in RStudio version 4.3.3, employ-
ing a random-effects model. The risk ratios (RRs) and mean
differences (MDs), together with 95% confidence intervals (CIs),
were combined to evaluate the network effects for dichotomous

and continuous outcomes, respectively. The placebo group served
as the reference. The studies were included following the tran-
sitivity criteria. Statistical significance was determined at p <
0.05. Heterogeneity was evaluated using > and I? values. Node-
splitting analysis to detect inconsistencies between direct and
indirect estimates was conducted only when closed loops in
the network were identified; otherwise, it was not performed.
When data were not provided as standard deviation (SD) but
rather as ranges, interquartile ranges (IQRs), or standard error
of the mean (SEM), they were converted to SD using methods
established by Wan et al. (2014). Network plots were created
using NMA Studio to visualize the comparison, where each
node represents an intervention, and the thickness of the lines
between nodes indicates the number of RCTs comparing the
two interventions. Each intervention’s efficacy and safety were
ranked using p-scores, where a p-score of 1 indicates the highest
safety or effectiveness, and a p-score of 0 indicates the lowest.
Rankograms were used to depict intervention rankings based on
p-scores, and league tables were created to compare the effects
of various interventions. Publication bias was assessed visually
through funnel plots and statistically via Egger’s regression test.

3 | Results

3.1 | Search Results

When searching various databases, including PubMed, Cochrane
Central, and ScienceDirect, from inception to June 2025, a total of
1452 potential articles were identified. After removing 363 dupli-
cates, the remaining 1089 articles underwent initial screening
of titles and abstracts, resulting in 163 articles. These were then
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subjected to a detailed full-text review, which ultimately led to
the inclusion of 18 articles (Howard et al. 2017, 2019, 2020, 2021,
2023; Antozzi et al. 2024, 2025; Bril et al. 2021, 2023; Habib et al.
2025; Hewett et al. 2018; GomezMancilla et al. 2024; Nowak et al.
2022, 2025; Piehl et al. 2022; Vu et al. 2022; Yan et al. 2022, 2024)
in this systematic review and network meta-analysis.

3.2 | Study Characteristics

Eighteen RCTs (Howard et al. 2017, 2019, 2020, 2021, 2023;
Antozzi et al. 2024, 2025; Bril et al. 2021, 2023; Habib et al. 2025;
Hewett et al. 2018; GomezMancilla et al. 2024; Nowak et al.
2022, 2025; Piehl et al. 2022, Vu et al. 2022; Yan et al. 2022,
2024) published between 2017 and 2025 were included in this
network meta-analysis. The mean age ranged from 36 to 67 years.
The monoclonal antibodies used were ROZ at 7 and 10 mg/kg,
batoclimab (BAT) at 340 and 680 mg, EFG at 10 mg/kg, ECU, ZIL
at 0.1 mg/kg and 0.3 mg/kg, RAV, belimumab (BEL) at 10 mg/kg,
RIT, iscalimab (ISC) at 10 mg/kg, INE, SAT, nipocalimab (NIP) at
5mg/kg Q4W (once every 4 weeks), 30 mg/kg Q4W (once every 4
weeks), 60 mg/kg as a single dose, 60 mg/kg Q2W (once every
2 weeks), and 30/15 mg/kg Q2W (a loading dose of 30 mg/kg
followed by 15 mg/kg every 2 weeks for maintenance). The
number of patients who underwent thymectomy varied from 2 to
59, while the incidence of AChR+ MG patients ranged from 3 to
95. The classes of monoclonal antibodies include FcRn inhibitors,
complement inhibitors, and those targeting CD20, CD19, CD40,
and IL-6 receptor. Details of the baseline characteristics of the
included studies are provided in Table 1.

3.3 | Risk of Bias

The risk of bias of the included RCTs was assessed using the
Cochrane RoB 2.0 tool (Sterne et al. 2019). Seven of the included
RCTs have a low risk of bias (Howard et al. 2021, 2023; Hewett
et al. 2018; Nowak et al. 2025; Vu et al. 2022; Yan et al. 2022, 2024),
whereas the rest have some concerns. The traffic light plot of the
risk of bias is depicted in Figure 2.

3.4 | Network Meta-Analysis

3.4.1 | MG-ADL

The network meta-analysis incorporated seventeen studies,
involving 19 treatments and 32 pairwise comparisons for
this outcome. Compared to placebo, BAT 340 mg (MD =
—2.38; 95%CI:[—4.17, —0.58]; p = 0.009), BAT 680 mg (MD =
—-1.93; 95%CIL:[-2.72, —1.13]; p <0.0001), ECU (MD = -1.80;
95%CI:[-3.19, —0.41]; p = 0.01), INE (MD = —2.00; 95%CI:[—3.05,
—-0.95]; p = 0.0002), NIP 30/15 mg/kg Q2W (MD = —1.45;
95%CI:[—2.37,—0.53]; p = 0.002), RAV (MD = —1.70; 95%CI:[-2.74,
—0.66]; p = 0.001), ROZ 10 mg/kg (MD = —2.33; 95%CI:[-3.60,
-1.06]; p = 0.0003), ROZ 7 mg/kg (MD = —2.01; 95%CI:[—2.98,
—1.04]; p <0.0001), SAT (MD = —1.02; 95%CI:[-1.91, —0.13]; p =
0.02), and ZIL 0.3 mg/kg (MD = —2.16; 95%CI:[-3.28, —1.03]; p =
0.0002) significantly reduced the MG-ADL score. BEL 10 mg/kg
(p = 0.71), EFG 10 mg/kg (p = 0.23), NIP 30 mg/kg Q4W (p =
0.08), NIP 5 mg/kg Q4W (p = 0.51), NIP 60 mg/kg Q2W (p =
0.11), NIP 60 mg/kg single dose (p = 0.80), RIT (p = 0.19), and

ZIL 0.1 mg/kg (p = 0.06) were comparable to placebo regarding
this endpoint (Figures 3A and 4). The network diagram of this
outcome is shown in Figure 5A. ROZ 10 mg/kg was ranked best (p-
score = 0.7680), whereas the NIP 60 mg/kg single dose was ranked
worst (0.1079). The details regarding the treatment ranking are
provided in Table 2 and Figure 6. No heterogeneity was detected
among the included studies (7% < 0.0001, I> = 0%).

3.4.2 | QMG

The network meta-analysis included sixteen studies, covering
18 treatments and 29 pairwise comparisons for this outcome.
Compared to placebo, BAT 340 mg (MD = —5.42; 95%CI:[-8.81,
—2.02]; p = 0.002), BAT 680 mg (MD = —5.17; 95%CI:[—6.44,
—3.89]; p <0.0001), ECU (MD = —2.90; 95%CI:[—4.56, —1.24]; p =
0.0006), INE (MD = —2.50; 95%CI:[-3.97, —1.03]; p = 0.0009), NIP
30/15 mg/kg Q2W (MD = —2.81; 95%CI:[—4.20, —1.42]; p <0.0001),
RAV (MD = —2.00; 95%CI:[—3.26, —0.74]; p = 0.002), SAT (MD
= —1.63; 95%CI:[—2.84, —0.42]; p = 0.008), ZIL 0.3 mg/kg (MD
= —3.02; 95%CIL:[—4.41, —1.64]; p <0.0001) significantly decreased
the QMG score, whereas NIP 60 mg/kg single dose significantly
increased the QMG score (MD = 2.20; 95%CI:[0.13, 4.27]; p =
0.04). BEL 10 mg/kg (p = 0.24), EFG 10 mg/kg (p = 0.07), NIP
30 mg/kg Q4W (p = 0.75), NIP 5 mg/kg Q4W (p = 0.88), NIP
60 mg/kg Q2W (p = 0.17), RIT (p = 0.07), ROZ 7 mg/kg (p =
0.48), and ZIL 0.1 mg/kg (p = 0.11) showed results comparable to
placebo (Figure 3B and Table S2). The network diagram of this
endpoint is shown in Figure 5B. BAT 680 mg was ranked best
(p-score = 0.96), whereas the NIP 60 mg/kg single dose regimen
was ranked worst (p-score = 0.009) regarding this outcome.
The details of treatment ranking are provided in Table 2 and
Figure S1. There was no heterogeneity among the studies included
(2 < 0.000L, P = 0%).

3.43 | MGC

The network meta-analysis incorporated ten studies, involving
11 treatments and 14 pairwise comparisons for this outcome.
Compared to the placebo, ECU (MD = —3.30; 95%CI:[—6.07,
—0.53]; p = 0.01), SAT (MD = —-2.99; 95%CIL:[-4.65, —1.33]; p =
0.0004), and ZIL 0.3 mg/kg (MD = —3.37; 95%CI:[-5.33, —1.42];
p = 0.0007) significantly reduced the MGC score. BAT 340 mg (p
= 0.07), BAT 680 mg (p = 0.06), BEL 10 mg/kg (p = 0.97), EFG
10 mg/kg (p = 0.44), RIT (p = 0.31), ROZ 7 mg/kg (p = 0.14),
ZIL 0.1 mg/kg (p = 0.40) were comparable to placebo regarding
this outcome (Figure 3C and Table S3). The network diagram of
this endpoint is depicted in Figure 5C. BAT 340 mg was ranked
best (p-score = 0.82), whereas the BEL 10 mg/kg (p-score = 0.16)
was ranked worst regarding this outcome. The treatment ranking
details are provided in Table 2 and Figure S2. No heterogeneity
was detected among the included studies (72 < 0.0001, I* = 0%).

3.44 | MG-QoL 15r

The network meta-analysis included eleven studies, covering 14
treatments and 24 pairwise comparisons related to this outcome.
Compared to placebo, BAT 340 mg (MD = —4.30;95%CI:[-8.07,
—0.53]; p=0.03), BAT 680 mg (MD = —4.60;95%C1:[—8.72, —0.48];
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D1: Bias arising from the randomization process.
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D3: Bias due to missing outcome data.
D4: Bias in measurement of the outcome.

- Some concerns
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DS5: Bias in selection of the reported result.

FIGURE 2 | The Cochrane risk of bias (RoB 2.0) tool traffic light plot.

p = 0.03), ECU (MD = —7.10;95%CI:[—11.53, —2.67]; p = 0.002),
NIP 30 mg/kg Q4W (MD = —4.80;95%CIL:[—8.73, —0.87]; p = 0.02),
ZIL 0.1 mg/kg (MD = —4.76;95%CI:[-8.96, —0.57]; p = 0.03), and
ZIL 0.3 mg/kg (MD = —2.72;95%CL:[—-4.68, —0.77]; p = 0.006)
significantly reduced the MG-QoL 15r score. EFG 10 mg/kg (p =
0.43), NIP 5 mg/kg Q4W (p = 0.86), NIP 60 mg/kg Q2W (p = 0.37),
NIP 60 mg/kg single dose (p = 0.55), RAV (p = 0.09), RIT (p =
0.55), SAT (p = 0.13) were comparable to placebo regarding this
outcome (Figure 3D and Table S4). The network diagram of this
outcome is shown in Figure 5D. ECU was ranked best (p-score =
0.93), whereas the NIP 60 mg/kg single dose was ranked worst (p-
score = 0.10) regarding this outcome. The details of the treatment
ranking are given in Table 2 and Figure S3. No heterogeneity was
observed across the included studies (72 < 0.0001, I = 0%).

3.4.5 | Adverse Events

The network meta-analysis incorporated sixteen studies, evaluat-
ing 18 treatments and 29 pairwise comparisons for this outcome.
Compared to placebo, only SAT significantly increased the
adverse events (RR = 1.23;95%CI:[1.07, 1.42]; p = 0.004), whereas
all other regimens were comparable to placebo (Figure 7A and
Table S5). The network diagram of this outcome is shown in
Figure 7B. The BEL 10 mg/kg was ranked best (p-score = 0.87),
whereas SAT was ranked worst (p-score = 0.13). The details
regarding the treatment ranking are given in Table 2 and Figure
S4. No heterogeneity was found among the included studies
(2 < 0.0001, P2 = 0%).
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(A)

Comparison: other vs 'PLA’

Treatment (Random Effects Model) MD 95%-Cl
BAT 340mg —— -2.38 [-4.17,-0.58]
BAT 680mg —— -1.93 [2.72;-1.13]
BEL 10mg/kg —— -0.31 [-1.96; 1.34]
ECU —— -1.80 [-3.19;-0.41]
EFG 10mg/kg —E -0.79 [-2.09; 0.51]
INE —— -2.00 [-3.05;-0.95]
NIP 30/15 mg/kg Q2W —E— -1.45 [-2.37,-0.53]
NIP 30mg/kg Q4W —— -2.10 [-4.45; 0.25)
NIP 5mg/kg Q4W —— -0.70 [-2.81; 1.41]
NIP 60mg/kg Q2W —— -2.10 [-4.65; 0.45]
NIP 60mg/kg Single dose — 0.30 [-1.98; 2.58]
RAV —i— -1.70 [-2.74,-0.66]
RIT — T -0.91 [-2.26; 0.45]
ROZ 10 mg/kg —i— -2.33 [-3.60; -1.06]
ROZ 7mg/kg —— -2.01 [-2.98;-1.04]
SAT —— -1.02 [1.91,-0.13]
ZIL 0.1mg/kg — -2.13 [-4.36; 0.10]
ZIL 0.3mg/kg —i— -2.16 [-3.28;-1.03]
1 1T 1
-4 =2 0 2 4

(C)

Comparison: other vs 'PLA’

Treatment (Random Effects Model) MD 95%-ClI
BAT 340mg —#&— -5.30 [-11.01; 0.41]
BAT680mg —#@— -5.10 [-10.32; 0.12]
BEL 10mg/kg —— 0.05 [-2.86; 2.96]
ECU —— -3.30 [-6.07;-0.53]
EFG 10mg/kg —— -0.98 [-3.45; 1.49]
RIT —— -1.70 [-4.95; 1.55]
ROZ 7Tmg —E -1.90 [-4.39; 0.59]
SAT —- -2.99 [-4.65;-1.33]
ZIL 0.1mg/kg —— -1.64 [-5.45; 217)
ZIL 0.3mg/kg [ I—I— | ; -3.37 [-5.33,-1.42]
-10 5 0 5 10
FIGURE 3 |

(B)

Treatment

BAT 340mg

BAT 680mg

BEL 10mg/kg

ECU

EFG 10mg/kg

INE

NIP 30/15 mg/kg Q2W
NIP 30mg/kg Q4W
NIP 5mg/kg Q4W

NIP 60mg/kg Q2W
NIP 60mg/kg Single dose
RAV

RIT

ROZ 7Tmg

SAT

ZIL 0.1mg/kg

ZIL 0.3mg/kg

(D)

Comparison: other vs ‘PLA’
(Random Effects Model)

Comparison: other vs 'PLA’

Treatment (Random Effects Model)

BAT 340mg ——

BAT 680mg ——

ECU ——

EFG 10mg/kg

NIP 30mg/kg Q4W —

NIP 5mg/kg Q4W

NIP 60mg/kg Q2W

NIP 60mg/kg Single dose

RAV

RIT

SAT

ZIL 0.1mg/kg ——

ZIL 0.3mg/kg , ]—I— | | ,
10 5 0 5 10

MD  95%-Cl
542 [-8.81;-2.02]
517 [-6.44; -3.89]
1.84 [4.94; 1.26]
2,90 [-4.56;-1.24]
1.42 [-2.96; 0.12]
250 [-3.97;-1.03]
2.81 [-4.20; -1.42]
0.40 [2.83; 2.03]
020 [-2.44; 2.84]
220 [-5.37; 0.97]
220 [0.13; 4.27)
2,00 [-3.26;-0.74]
1.86 [3.91: 0.19]
-0.60 [-2.26; 1.06]
163 [-2.84;-0.42]
241 [5.37; 0.55]
-3.02 [-4.41;-1.64]

MD 95%-Cl
430 [-8.07;-0.53]
460 [-8.72;-0.48]
7.10 [-11.53; 2.67]
0.78 [-2.72; 1.16]
480 [-8.73;-0.87]
030 [-2.94; 354]
1.70 [-5.40; 2.00]
0.80 [-1.81; 3.41]
1.70 [-3.65; 0.25]
119 [-5.05; 2.68]
451 [-3.45; 0.43]
476 [-8.96;-0.57]
272 [-468:-0.77]

Forest plots for (A) myasthenia gravis activities of daily living (MG-ADL) score, (B) quantitative myasthenia gravis (QMG) score, (C)

myasthenia gravis composite (MGC) score, (D) 15-item revised myasthenia gravis quality of Life (MG-QoL 15r) score; (BAT: Batoclimab; BEL: Belimumab;
CI: Confidence interval; ECU: Eculizumab; EFG: Efgartigimod; INE: Inebilizumab; MD: Mean difference; NIP: Nipocalimab; PLA: Placebo; RAV:
Ravulizumab; RIT: Rituximab; ROZ: Rozanolixzumab; SAT: Satralizumab; ZIL: Zilucoplan).

40 BAT680mg  BEL10 0 7 Q 0 a Q o Q 0z 10 0 0
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(-259,195)
-045
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207 162 |
(451,037) | (-345,021) Jig
058 013 149
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113 048
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169 121
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. e/ke Q EY3
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234,190) | (115,160 | (015,38 | (-1.43,214) | (035,308) | (138,1.70) (0.75,216) (254,266) (093,3.89) (:2.73,285) (-0.08,5.00) (103,329 | (107,199 | (051,30n [ (187,159 | (134, 163) | (030,257 | (220,226

FIGURE 4 |

League table for myasthenia gravis activities of daily living (MG-ADL) score (BAT: Batoclimab; BEL: Belimumab; ECU: Eculizumab;

EFG: Efgartigimod; INE: Inebilizumab; NIP: Nipocalimab; PLA: Placebo; RAV: Ravulizumab; RIT: Rituximab; ROZ: Rozanolixzumab; SAT:

Satralizumab; ZIL: Zilucoplan).
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(A)

BAT 340mg

ZIL 0.3mg/kg BAT 680mg

ZIL 0.1mglkg BEL 10mgl/kg

SAT ECU

ROZ 7mg/kg EFG 10mg/kg

NIP 30/15 mg/kg Q2W

NIP 30mg/kg Q4W

(C)

BAT 340mg

ZIL 0.3mg/kg BAT 680mg

ZIL 0.1mg BEL 10mg/kg

ROZ 7mg

(B)

BAT 340mg

ZIL 0.3mg/kg BAT 680mg

ZIL 0.1mg/kg BEL 10mg/kg

SAT ECU

EFG 10mg/kg

NIP 30/15 mg/kg Q2W
—

NIP 30mg/kg Q4W

( D) BAT 340

ZIL 0.3mg/kg BAT 680mg

ZIL 0.1mgfkg

EFG 10mglkg

NIP 30mg/kg Q4W

FIGURE 5 | Network plots for (A) myasthenia gravis activities of daily living (MG-ADL) score, (B) quantitative myasthenia gravis (QMG) score, (C)
myasthenia gravis composite (MGC) score, (D) 15-item revised myasthenia gravis quality of life (MG-QoL 15r) score (BAT: batoclimab; BEL: belimumab;
ECU: eculizumab; EFG: efgartigimod; INE: inebilizumab; NIP: nipocalimab; PLA: placebo; RAV: ravulizumab; RIT: rituximab; ROZ: rozanolixzumab;

SAT: satralizumab; ZIL: zilucoplan).

3.4.6 | Publication Bias

The publication bias was assessed visually through funnel plots
and statistically via Egger’s regression test. No publication bias
was observed upon visual inspection of the funnel plots’ symme-
try, a finding that was further validated by Egger’s regression test,
except for the outcome of QMG score, Figures S5-S9.

4 | Discussion

This systematic review and network meta-analysis compared the
efficacy and safety of various monoclonal antibodies in treating
MG. The results showed that ROZ 10 mg/kg (Neonatal FcRn
blocker) was ranked the best in reducing MG-ADL scores, while
BAT 680 mg (Neonatal FcRn blocker) was ranked best in reducing
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FIGURE 6 | Rankogram based on p-score for myasthenia gravis activities of daily living (MG-ADL) score (BAT: Batoclimab; BEL: Belimumab; ECU:

Eculizumab; EFG: Efgartigimod; INE: Inebilizumab; NIP: Nipocalimab; PLA: Placebo; RAV: Ravulizumab; RIT: Rituximab; ROZ: Rozanolixzumab; SAT:

Satralizumab; ZIL: Zilucoplan).

QMG scores. For MGC scores, BAT 340 mg (Neonatal FcRn
blocker) was ranked best despite not reaching statistical signif-
icance, while ECU (complement inhibitor), SAT (IL-6 receptor
inhibitor), and ZIL 0.3 mg/kg (complement inhibitor) showed
statistically significant decreases. In terms of quality of life, ECU
(complement inhibitor) was ranked best in reducing MG-QoL
15r scores. However, BEL 10 mg/kg (B-lymphocyte stimulator
specific inhibitor) had the lowest probability of adverse events,
while SAT (IL-6 receptor inhibitor) had the highest. Notably,
the NIP 60 mg/kg single-dose regimen (Neonatal FcRn blocker)
consistently ranked poorly across multiple outcomes. Overall,
these findings suggest that different monoclonal antibodies may
have varying levels of efficacy and safety in treating MG, and that
treatment choice may depend on the specific outcome targeted.

This meta-analysis builds on the results of Sacca et al. (2023).
Our study ranked ROZ 10 mg/kg (Neonatal FcRn blocker) as the
best treatment for reducing MG-ADL scores, while BAT 680 mg
(Neonatal FcRn blocker) was ranked best for QMG scores. Sacca
et al. found that anti-FcRn treatments, as a class, showed sig-
nificant improvements in MG-ADL, QMG, and MG-QoL scores
compared to complement inhibitors. Both studies consistently
suggested that monoclonal antibodies can be effective in treating

MG, and different treatments may have varying levels of efficacy
depending on the specific outcome being measured (Sacca et al.
2023). Another previous NMA by Gu et al. (2024) evaluated the
efficacy and safety of various immunosuppressants and mono-
clonal antibodies in treating MG. Their results were consistent
with our study and found that ROZ (Neonatal FcRn blocker) and
BAT (Neonatal FcRn blocker) were effective in reducing MG-ADL
and QMG scores (Gu et al. 2024).

It should be noted that conventional immunosuppressants (e.g.,
steroids, azathioprine) often exhibit limited efficacy in certain
MG patients and are associated with substantial adverse effects.
For example, azathioprine may take 6-18 months to exert a ther-
apeutic effect, and although initial response rates are relatively
high (70%-91%), its latency limits its use in acute scenarios.
Long-term use of azathioprine, especially in conjunction with
steroids, is associated with a substantial burden of adverse events:
In one cohort of 163 MG patients treated over an average of
35.5 months, 61.4% experienced side effects, with 15% deemed
azathioprine-related, encompassing hematologic, gastrointesti-
nal, infectious, and hepatic complications; severe adverse events
requiring treatment cessation occurred in 6.7% (Rozsa et al. 2006).
This therapeutic gap has driven the development of targeted
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(A)

Comparison: other vs 'PLA'

Treatment (Random Effects Model) RR 95%-ClI
BAT 340mg —|-I— 1.07 [0.90; 1.27]
BAT 680mg - 1.01 [0.93; 1.09]
BEL 10mg/kg —— 0.86 [0.65; 1.13]
EFG 10mg/kg — 0.93 [0.81; 1.07]
INE —— 1.10 [0.96; 1.27]
ISC 10mg/kg —E— 0.95 [0.81;1.12]
NIP 30/15 mg/kg Q2W —— 1.00 [0.88; 1.13]
NIP 30mg/kg Q4W ] 0.88 [0.56; 1.39]
NIP 5mg/kg Q4W — i — 1.09 [0.77; 1.54]
NIP 60mg/kg Q2W — 1.09 [0.77; 1.54]
NIP 60mg/kg Single dose = 1.17 [0.86; 1.61]
RAV —— 1.05 [0.94; 1.17]
RIT - 1.04 [0.97; 1.11]
ROZ 10 mg/kg — 1.20 [1.00; 1.45]
ROZ 7mg/kg —E— 1.17 [0.98; 1.39]
SAT —i— 1.23 [1.07;1.42]
ZIL 0.3mg/kg — 1.09 [0.91; 1.30]
T 1
0.75 1 15
FIGURE 7 |

(B)

BAT 340mg

ZIL 0.3mg/kg W-—____ BAT680mg

/
/
SAT [ / BEL 10mg/kg

ROZ 7mg/kg / EFG 10mg/kg

/ /
ROZ 10,mglkg / INE

ISC 10mg/kg
@

NIP 30mgikg Q4W

—=

Adverse events (A) forest plot (B) network plot (BAT: Batoclimab; BEL: Belimumab; CI: Confidence interval; ECU: Eculizumab; EFG:

Efgartigimod; INE: Inebilizumab; ISC: Iscalimab; MD: Mean difference; NIP: Nipocalimab; PLA: Placebo; RAV: Ravulizumab; RIT: Rituximab; ROZ:

Rozanolixzumab; SAT: Satralizumab; ZIL: Zilucoplan).

monoclonal antibodies, which may offer better tolerability and
improved clinical responses.

Current MG treatment guidelines from organizations such as the
MGFA and the International MG Consensus (Narayanaswami
et al. 2021) typically recommend cholinesterase inhibitors (e.g.,
pyridostigmine) for symptomatic relief, corticosteroids and
immunosuppressants (e.g., azathioprine, mycophenolate mofetil)
for long-term disease control, IVIG or plasma exchange during
acute exacerbation, and thymectomy for individuals with thy-
moma or early-onset AChR+ MG. However, these traditional
approaches are often suboptimal due to delayed response times
(weeks to months), poor tolerability, long-term toxicities (e.g.,
infections, organ toxicity, malignancy), and frequent failure to
achieve sustained remission.

While FcRn inhibitors are not yet widely incorporated into
standard guidelines, two agents have received regulatory approval
in recent years (Li et al. 2024). Efgartigimod, the first-in-class
FcRn antagonist, was FDA-approved in December 2021 for adults
with AChR+ generalized MG (Yang et al. 2024). ROZ secured
FDA approval in June 2023 for AChR+ and MuSK+ generalized
MG (Hoy 2023). Despite these advances, most global and national
MG guidelines still await formal inclusion of FcRn inhibitors.
Our network meta-analysis supports both FcRn inhibitors and
complement inhibitors as proven options, especially for patients
who do not respond to standard immunotherapy, although more
high-quality RCTs are required to strengthen these findings.
These updates should also provide guidance regarding optimal
timing and patient selection, long-term steroid tolerability, and
emphasize the need for personalized treatment algorithms to
determine when complement inhibition versus FcRn blockade is
most appropriate.

Regarding safety and efficacy, our meta-analysis identifies that
ROZ at 10 mg/kg (Neonatal FcRn blocker) ranks highest for MG-
ADL reduction, consistent with findings from Gu et al. (2024)
and Li et al. (2024), though ROZ (Neonatal FcRn blocker) is
linked with increased adverse events like headaches, indicating
a balance between efficacy and tolerability (Gu et al. 2024; Li
et al. 2024). BAT (Neonatal FcRn blocker), at 680 mg, was best
for improving QMG scores, and at 340 mg, had the highest
probability for reducing the MGC score, which aligns with Gu
etal. and Li et al.; however, evidence derives from a single RCT in
Asian patients, limiting broader generalizability (Gu et al. 2024;
Li et al. 2024). ECU emerged as the top agent for improving MG-
QoL15r scores, supported by Gu et al. (2024) and by Sacca et al.
(2023), who attribute this to the ECU’s complement-inhibition
mechanism. Meanwhile, BEL at 10 mg/kg (B-lymphocyte stimu-
lator specific inhibitor) exhibits a favorable safety profile, having
the lowest reported adverse event rate, although non-significant.

4.1 | Limitations

This meta-analysis has several limitations. First, the small
sample sizes of existing RCTs impacted the results. Future
research should include long-term safety, maintenance efficacy,
and diverse subgroups. Second, the study relied heavily on
indirect comparisons, with most data drawn from comparisons
between interventions and placebo, and very few, if any, direct
comparisons between active treatments. Moreover, the lack of
data prevented subgroup analysis by serotype (AChR/MuSK),
which is known to impact response. Although we employed a
random-effects model for statistical analysis, heterogeneity in
the baseline population and trial duration could act as potential
confounders. There was also variation in outcome measures,
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which can contribute to heterogeneity. Finally, a limitation of our
approach is that we evaluated different monoclonal antibodies
at the product, not the class level. In clinical practice, however,
only one product from each biological class is usually available.
Therefore, our product-specific rankings should be interpreted by
clinicians in the context of the agents available at their institution.

5 | Conclusion

ROZ 10 mg/kg significantly reduced the MG-ADL score and
ranked best. BAT 680 mg significantly reduced the QMG score
and ranked best. BAT 340 mg had the highest probability of
reducing the MGC score. ECU significantly decreased the MG-
QoL 15r and ranked best. BEL 10 mg/kg had the highest likelihood
of reducing adverse events. In summary, no single monoclonal
antibody demonstrates superiority across all domains (symptom
relief, functional improvement, quality of life, safety), underscor-
ing the importance of individualized therapy guided by patient-
specific priorities, including symptom burden, tolerability, and
quality of life.
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