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Myasthenia Gravis (MG) is a chronic autoimmune disease characterized by fluctuating muscle weakness due to antibody-mediated
disruption of neuromuscular transmission. With a prevalence of 150 to 200 cases per million individuals, MG is classified as a rare
disease. The most common subtype involves autoantibodies targeting acetylcholine receptors, whereas smaller subsets of patients
produce autoantibodies against muscle-specific kinase, low-density lipoprotein receptor-related protein 4, and agrin. While
conventional therapies have provided symptom relief for many, they often fall short of achieving sustained remission and are
associated with side effects such as increased susceptibility to infections. Advances in the understanding of MG pathophysiology
along with the need to address the limitations of conventional treatments have driven the development of targeted therapeutics
that modulate specific immune mechanisms. This review focuses on two emerging therapeutic classes, complement and FcRn
inhibitors, that have shown promising efficacy in clinical trials. Complement inhibitors mitigate the damage at the neuromuscular
junction, while FcRn inhibitors accelerate the degradation of pathogenic autoantibodies. Together, these agents represent a shift in
MG management, promising a more effective, safer, and manageable disease control.
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Introduction

MG is a rare, chronic autoimmune disorder characterized by
neuromuscular dysfunction, such as fluctuating muscle weak-
ness and fatigue. The ocular, bulbar, and limb muscles are
most affected.1 The pathogenesis of MG has been well char-
acterized over the past several decades. At its core, MG stems
from autoantibodies– proteins produced by the immune sys-
tem that mistakenly target a person’s own tissues or cells– that
impair signal transmission at the neuromuscular junction by tar-
geting acetylcholine receptors (AChR), muscle-specific kinase
(MuSK), lipoprotein-related protein 4 (LRP4) or agrin on the
postsynaptic membrane.2

MG can be improved through therapies, but to date, has not
been cured. For decades, treatment has relied on immunosup-
pressive agents such as corticosteroids, azathioprine, and my-
cophenolate mofetil along with cholinesterase inhibitors to alle-
viate symptoms.3 While often effective in controlling disease
symptoms, the overall benefit of these therapies is limited by
several factors such as increased risk of infection and slow onset
of action.

Moreover, about 10-20% of patients develop refractory dis-
ease, meaning that they experience persistent symptoms or re-
lapses despite adequate use of standard treatments.4

After decades in which the treatment options for MG re-

mained largely unchanged, the field has entered a new and
transformative era. In recent years, a deeper understanding of
MG pathophysiology has enabled the development of targeted
therapies that modulate specific pathways without suppressing
the entire immune system. As a result, targeted therapies offer
new hope for more effective and safer disease management. Two
targeted therapeutic strategies have shown promising efficacy
in clinical trials: complement inhibitors and FcRn (neonatal Fc
receptor) blockers.

This efficacy has been demonstrated by reductions in Myas-
thenia Gravis Activities of Daily Living (MG-ADL) and the
Quantitative Myasthenia Gravis (QMG) scores, along with bet-
ter patient-reported quality-of-life measures (MG-QoL15). The
success of these biologics has reinvigorated research into MG,
encouraging the development of additional targeted agents and
expanding clinical trials.

This narrative literature review explores the development and
clinical impact of new targeted therapies for MG, with a specific
focus on complement and FcRn inhibitors. It evaluates their
mechanism of action, clinical efficacy, and current limitations,
while also considering how these advancements are informing
future directions in MG research.
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Discussion

MG Pathophysiology

The neuromuscular junction (NMJ) is the primary point of com-
munication between a nerve ending and a muscle fiber. The
transmission of the nerve signals at the NMJ initiates muscle
contractions needed for bodily functions.5 When an action po-
tential reaches the presynaptic terminal of a neuron, it opens
voltage-gated calcium channels on its membrane. The rise in
intracellular calcium concentration leads to the secretion of neu-
rotransmitter acetylcholine (ACh) into the synaptic cleft. Then,
AChs bind to their receptors on the postsynaptic membrane
of the muscle fiber, which opens ion channels that let positive
ions (mainly sodium) flow into the cell. This small electrical
change called local depolarization triggers muscle action poten-
tial, which causes the muscle to contract.6,7

While this process functions properly in a healthy individual,
MG causes disruptions. In the most common subtype, AChR+
MG, the immune system misidentifies AChRs as foreign sub-
stances and generates IgG1 and IgG3 autoantibodies against
them.8 These autoantibodies bind to AChRs and activate the
complement system. In the final step of the complement acti-
vation, the membrane attack complex (MAC) is formed, which
punches holes (forms pores) in the muscle membrane at receptor-
dense regions. Experimental models show that the muscle cells
respond to complement-mediated MAC damage by shedding
affected portions of the membrane. This process leads to the
loss of junctional folds, which are invaginations that increase
the surface area for neurotransmitters to bind to receptors.9,10

As folds flatten and membrane is lost, the density of AChR
decreases.9,11 These morphological changes are depicted in Fig-
ure 1. The reduced surface area and the loss of AChRs cause
diminished efficacy of signal transmission, leading to the char-
acteristic muscle weakness and fatigue seen in MG patients.7,11

Thus, inhibiting the complement activation has emerged as a
therapeutic approach that has shown clinical benefits.

In addition to complement-mediated damage, a mechanism
contributing to dysfunction is antibody-induced internalization
and degradation of AChRs (illustrated in Figure 2). When mul-
tiple antibodies bind closely spaced receptors, they trigger re-
ceptor cross-linking, which muscle cells interpret as abnormal.
The cell then internalizes these receptor clusters and degrades
them.7,12 The gradual decline in receptor availability diminishes
the muscle’s ability to respond to ACh. Not all antibodies can
cross-link AChR; their ability to do so depends on the exact lo-
cation of their binding site on the receptor and how the receptors
are positioned on the membrane.13

The third pathogenic mechanism by which autoantibodies
target AChRs is the direct functional blockade of the receptor
(Figure 2). Some anti-AChR antibodies bind to the receptor’s
ACh binding sites, blocking ACh from activating the receptor.12

Fig. 1 Complement-mediated damage at the NMJ in Myasthenia
Gravis. Created with Biorender.com

As a result, signal transmission is prevented even when the
receptor itself is structurally intact. This effect is usually less
common than complement-mediated damage and crosslinking
of receptors, but it can contribute to muscle weakness.7,8

Fig. 2 Mechanisms of autoantibody-mediated disruption of AChR
function in myasthenia gravis. Created with Biorender.com

Around 80-85% of MG cases are AChR+ MG. A less com-
mon (5-8% of MG patients) subtype is MuSK+ MG, which is
characterized by worse clinical signs, faster disease progres-
sion, and reduced responsiveness to conventional treatments.14

In MuSK+ MG, the body produces IgG4 antibodies against
MuSK, a protein essential for organizing and stabilizing AChRs
at the NMJ. Unlike IgG1 and IgG3 in AChR+ MG, IgG4 an-
tibodies do not activate complement or cause receptor cross-
linking.8,13,15 Instead, they disrupt the signaling pathway needed
to cluster AChRs, leading to functional receptor loss without
structural damage.12 Other variants of MG (collectively around
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1-5%) involve antibodies against proteins such as LRP4 or agrin,
both of which play critical roles in AChR clustering and main-
tenance.16,17 Finally, about 5-15% of cases are classified as
seronegative, meaning that no antibodies against the known tar-
gets mentioned above are detected in the patient’s blood by using
standard tests.18 Seronegative MG exposes gaps in our current
understanding of the disease. As such, there might be undis-
covered antibodies, immune targets or non-antibody-mediated
mechanisms at play.

Another important immunological mechanism in MG is the
FcRn, which regulates the homeostasis and lifespan of IgG
antibodies– the most abundant antibody class in the body. IgG
molecules are continuously taken up by cells through a process
called pinocytosis. Normally, proteins internalized in this way
are directed to lysosomes and broken down. However, the body
has a protective mechanism to prevent lysosomal degradation
of IgG antibodies. Within the cell, IgG antibodies enter acidic
endosomal compartments, where FcRn binds to them at low
pH. FcRn then recycles the bound IgG back to the cell surface,
where the neutral pH of the extracellular environment causes
the antibody to dissociate from the receptor and reenter the
circulation intact.13,19–21 This recycling mechanism extends
the lifespan of IgG antibodies, maintaining their levels in the
bloodstream for up to three weeks. FcRn is so effective that the
amount of IgG preserved through recycling is 42% higher than
the amount that the body produces on its own.22

In MG patients, FcRn is unable to distinguish between
pathogenic and protective IgG antibodies. Therefore, FcRn
continues to recycle and preserve pathogenic IgG antibodies
along with normal ones, which makes it an attractive therapeutic
target.23

However, recent research has found FcRn to play a much
more active role than simply protecting pathogenic IgG antibod-
ies. When autoantibodies bind to their antigen (like AChR), they
form immune complexes that can be internalized by antigen-
presenting cells (APCs) via surface Fc receptors.24 Inside endo-
somes, these complexes dissociate from the surface receptors
and bind to FcRn. Whereas individual IgG antibodies are typ-
ically recycled and returned to the bloodstream by FcRn, IgG
bound to an antigen is sent into vesicles that break down the
antigen into smaller peptide fragments. These peptides are then
presented on the cell surface to CD4+ T cells.19,25

T cells are responsible for recognizing antigens and activating
B cells that produce autoantibodies when the immune system
is triggered. Normally, T cells that recognize self-antigens are
eliminated during development through a process called central
tolerance. In autoimmune diseases like MG, however, some
autoreactive T cells escape elimination.26 If APCs present self-
antigens to these non-eliminated T-cells, it could reactivate them,
encouraging the B cells to produce more autoantibodies and thus
sustaining the immune attack.27 Therefore, blocking FcRn not
only reduces pathogenic IgG molecules but may also suppress

immune responses.22

Complement Inhibitors

Eculizumab
Eculizumab is a monoclonal antibody, a laboratory-produced

protein that mimics the structure and targeting ability of natural
IgG antibodies. The drug functions by binding to protein C5, a
critical component in the terminal phase of the complement cas-
cade. Under normal circumstances, C5 convertase cleaves C5
protein into two fragments: C5a and C5b. C5a triggers inflam-
mation, while C5b facilitates the formation of the MAC.28,29

Eculizumab binds to the C5 protein near where the C5 conver-
tase enzyme would normally bind, preventing the cleavage of the
protein and thus blocking the formation of MAC, which would
otherwise damage the muscle membrane and AChRs.13,16

The REGAIN trial was a randomized, double-blind, placebo-
controlled phase III study designed to assess the efficacy and
safety of Eculizumab. A total of 125 patients who had not bene-
fited from conventional treatments were randomly assigned to
receive either Eculizumab or placebo for a 26-week treatment
period. Clinical scales used to assess outcomes included the
MG-ADL, a scale used to determine whether the patients’ daily
symptoms improved or worsened; QMG, which measures mus-
cle strength and fatigue; and MG-QOL15, a patient-reported
quality of life measure.30,31 On these scales, negative change
from baseline in MG-ADL and QMG and MG-QOL15 indicates
clinical improvement, since these patterns reflect reduced func-
tional impairment, stronger muscle performance, and enhanced
quality of life from the patient’s perspective. The primary end-
point of REGAIN was defined by the change from the base-
line in MG-ADL scores. Although the study did not achieve
statistical significance for the primary endpoint (p = 0.0698),
secondary analyses demonstrated consistent improvements in
the Eculizumab group. These analyses found greater reductions
in QMG scores compared to placebo (least square mean differ-
ence (LSMD) = −3, 95% CI [−4.6, −1.3]; p = 0.001), and in
MG-QoL15 scores (LSMD = −14.3, 95% CI [−26.98, −1.56];
p = 0.0281) and a reduced need for rescue therapies (17% with
eculizumab and 33% with placebo).13,32–34 Because the 95%
confidence interval stays entirely on one side of zero and the
p-value is below 0.05, the observed differences are unlikely to
be due to chance. The results provide statistical support for the
clinical relevance of the improvement.

In the open-label extension phase, Eculizumab continued to
show lasting benefits even after 130 weeks of treatment. By that
point, 88% of patients had achieved an “improved” status and
57.3% reached “minimal symptom manifestation” according to
the Myasthenia Gravis Foundation of America (MGFA) crite-
ria.35 Eculizumab is the first complement inhibitor approved by
the FDA to treat MG in 2017.

Eculizumab is generally well-tolerated among patients, but
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like all powerful immunomodulatory drugs, it carries specific
risks and side effects. Common side effects include headache,
dizziness, and nasopharyngitis. A severe side effect is the in-
creased risk of meningococcal infections. The formation of
MAC by the complement system is essential for the body’s
defense against the bacteria Neisseria meningitidis. However,
because Eculizumab is a complement inhibiting drug, it pre-
vents the body’s defense mechanism against these bacteria.33,34

The use of Eculizumab is associated with 1,000 to 2,000 times
increased risk of meningococcal disease.34 Therefore, patients
are usually vaccinated before taking Eculizumab.

Ravulizumab
Ravulizumab is designed to function similarly to Eculizumab:

it hinders the cleavage of complement C5 and thus the im-
mune damage at the NMJ.20,34 Despite this functional simi-
larity, Ravulizumab incorporates structural changes that extend
its half-life in the bloodstream compared with Eculizumab.18

Specifically, it contains four amino acid substitutions: two in the
Fab (fragment antigen-binding) region and two in the Fc region
(constant region) of the antibody.36 The mutations in the Fab
region facilitate the dissociation of the C5-antibody complex in
the acidic environment of the endosome. Without this dissoci-
ation, the antibody, which in this case is Ravulizumab, would
be carried along with C5 into lysosomal degradation and would
not bind to FcRn receptors to go through the recycling process.
Meanwhile, the changes in the Fc region allow Ravulizumab
to bind more tightly to FcRn inside acidic endosomes after de-
taching from the C5-antibody complex, and it is then released
more efficiently once it reaches the neutral pH of the blood-
stream.37,38 The modifications in both Fc and Fab regions result
in a half-life four times longer than that of Eculizumab.36

A Phase III trial of Ravulizumab (called CHAMPION-MG)
was conducted using a study design similar to REGAIN. A
total of 175 patients received either the drug or the placebo
over a 26-week period. The primary endpoint was change in
MG-ADL score from baseline to week 26, which was met with
significantly greater improvements in the Ravulizumab group
than in the placebo group (LSMD= −1.7, 95% CI [−2.5, −0.9];
p < 0.001).20,34,39 The open-label extension phase lasted up to
four years and included 161 patients who had completed the
initial randomized phase. Improvements observed during the
initial treatment phase were not only maintained but, in some
cases, further enhanced. Patients who continued Ravulizumab
improved by 4 points on the MG-ADL scale (95% CI [−4.8,
−3.1]; p = 0.0001), while those who switched from placebo
to Ravulizumab improved by 1.7 points (95% CI [−2.7, −0.8];
p = 0.0007). Importantly, no new safety concerns emerged.40

The drug was mostly well-tolerated. Most frequent adverse
events included headache, diarrhea, and nausea.41

Up to 20–25% of patients with MG experience at least one
myasthenic crisis (MC) during their lifetime. These crises can

be triggered by infections, pregnancy, wrong dosage, or certain
medications. MCs are characterized by rapid worsening of MG
and can even be life-threatening in certain cases. While the
long-term effects of targeted therapeutics are assessed, they are
rarely tested in these crisis moments. A case series conducted in
the University of Augsburg in Germany addressed this gap by
observing three patients, all of whom had AChR-positive gener-
alized MG and a history of frequent or treatment-refractory MC.
The researchers retrospectively analyzed the treatment response
after switching to either Eculizumab or Ravulizumab. Clinical
improvement in this case was defined as a ≥ 2-point change in
MG-ADL from baseline. MG-ADL levels of patients were not
explicitly mentioned in the paper, but patients at MC normally
have MG-ADL levels ranging from 8 to 12. Given that MG-
ADL levels declined to 1 for patient 1 and 3 and to 4 for patient
2, all three patients saw rapid and sustained clinical improve-
ments.42 While previous studies focused on chronic treatment
in relatively stable patients, this recent study underscored that
complement inhibitors may also be lifesaving in acute crisis
situations, specifically impending Myasthenia crisis (iMC), and
not just for long-term maintenance.

Zilucoplan
Zilucoplan is an emerging therapeutic option that expands

the scope of complement-targeting treatment in AChR-positive
MG. Unlike Eculizumab and Ravulizumab, it is a small, peptide-
based complement inhibitor that can be self-administered as
a once-daily subcutaneous injection rather than through intra-
venous infusions. Zilucoplan has a dual inhibitory effect on the
complement cascade: it not only binds to complement protein
C5 to prevent its cleavage, but also interferes with C5b binding
C6 if a small amount of C5 gets cleaved, which provides an
additional blockage of terminal complement activity.34,43 Zilu-
coplan’s efficacy also stems from its small size that allows it to
permeate tissues more rapidly than large monoclonal antibodies
and speed up therapeutic onset.43 Additionally, Zilucoplan has a
different binding site than Eculizumab, which makes it effective
in patients who have certain genetic mutations. For instance,
Zilucoplan has been shown to effectively block complement
activation in other C5 variants such as C5 R885C and R885H,
which are genetic polymorphisms that render Eculizumab inef-
fective.43,44

Phase III RAISE trial recruited 174 patients from 75 hospitals
in Europe, Japan, and North America, who showed moderate-to-
severe disease despite receiving standard therapies. Participants
were randomly assigned to receive either Zilucoplan (0.3 mg/kg)
or a placebo over a 12-week treatment period. The primary
endpoint was MG-ADL change from the baseline to week 12.
At the end of the trial, Zilucoplan led to greater reductions across
several outcome measures than placebo: MG-ADL (LSMD =
−2.09, 95% CI [−3.24, −0.95]; p = 0.0004), QMG (LSMD =
−2.94, 95% CI −4.39 to −1.49, p < 0.001), and MG-QoL15r
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scores (LSMD = −3.28, 95% CI [−5.89, −0.67]; nominal p <
0.05).34,45

The ability to self-inject at home, along with its compatibility
with other immunotherapies like plasma exchange and FcRn
inhibitors, makes Zilucoplan an accessible option for patients
seeking both clinical benefit and flexibility in disease manage-
ment.34 This drug got approved by the FDA in 2023.

Safety Management of Complement Inhibitors
Safety management is critical to the use of complement in-

hibitors. All drugs mentioned above carry the risk of meningo-
coccal disease. To mitigate this risk, patients are advised to
receive vaccination against Neisseria meningitidis (MenACWY
and MenB), ideally completed at least two weeks prior to treat-
ment initiation, with prophylactic antibiotics recommended if
therapy must begin earlier. Immunization against Streptococ-
cus pneumoniae and Haemophilus influenzae type b is also
recommended to reduce the risk of infections with other encap-
sulated organisms.46 Patients and caregivers must be educated
to recognize and respond promptly to symptoms indicative of
meningitis or sepsis. Beyond infection risk, adverse events are
generally mild. Long-term extension studies (REGAIN OLE,
CHAMPION-MG OLE, and RAISE extension) have not identi-
fied new safety signals, which supports the overall tolerability
of these agents when appropriate precautions are taken.

FcRn Inhibitors

Efgartigimod
While complement inhibitors result in better clinical out-

comes than conventional treatments, more than thirty percent
of patients receive little or no benefit, which calls for the devel-
opment of other targeted therapies.13 FcRn blockers are one of
them. Efgartigimod is the first FcRn antagonist that is approved
for the MG treatment in several countries worldwide, including
the USA, EU, and Japan. It is an Fc fragment engineered to
bind to the FcRn more strongly and stably than normal IgG
antibodies. This binding blocks FcRn’s ability to recycle IgGs,
reducing total IgGs (including harmful ones), and forcing their
cellular degradation.47,48 The selectivity of Efgartigimod to only
target IgG, instead of all antibody classes, is a major advantage,
because unlike non-specific immunosuppressants, it leaves the
rest of the immune system largely intact.

The 26-week, randomized, double-blind, placebo-controlled
phase III ADAPT trial investigated the efficacy of Efgartigi-
mod in MG treatment. 167 participants received four weekly
intravenous infusions of 10 mg/kg of the medication per cycle,
which decreased serum IgG levels and AChR antibody levels
from baseline.47,49 One week after the last infusion in the first
cycle, there were mean maximum decreases of 61.3% and 57.6%
in total IgG and AChR antibody levels, respectively, from base-
line. Similar reductions in IgG and AChR antibody levels were
seen with each treatment cycle. After the final dose, the drug

was cleared from the body over time. Meanwhile, the body natu-
rally produced new IgG antibodies, restoring its level to baseline
levels 9 weeks after the last infusion of the cycle.50 The primary
endpoint was the proportion of MG-ADL responders among
AChR+ MG patients during the first treatment cycle. A “respon-
der” was defined as someone who had an improvement of at
least 2 points in MG-ADL, sustained for 4 consecutive weeks.
At the end of cycle 1, 68% of patients receiving Efgartigimod
and 30% receiving placebo met the MG-ADL response criterion.
This corresponded to an odds ratio of 4.95 (95% CI [2.21 to
11.53], p < 0.0001), indicating that patients on Efgartigimod
were nearly five times more likely to achieve a response than
those on placebo.

Because FcRn inhibitors lower all IgG subclasses, including
IgG4 (the predominant pathogenic antibody in MuSK+ MG),
Efgartigimod may offer therapeutic flexibility and broaden the
treatment options beyond the AChR+ population. Although
its use is approved only for the treatment of AChR+ MG for
now, there is a growing interest in its potential application
for MuSK+ MG. Preclinical studies, in fact, have already ex-
plored Efgartigimod’s efficacy in treatment of this subtype. In a
MuSK-MG model, 16 mice were randomized to receive either
efgartigimod (n = 8) or a control Fc fragment (n = 8), along-
side an additional negative control group. Efgartigimod-treated
mice showed clear benefits, with most maintaining significantly
greater grip strength and higher compound muscle action poten-
tials, indicating improved neuromuscular transmission. At the
end of the study, Efgartigimod led to an approximately eight-
fold reduction in MuSK IgG4 levels.4,51

Phase III trials built on preclinical findings by demonstrating
the drug’s effects on humans. To date, most phase III trials
aimed at assessing the efficacy of Efgartigimod for this sub-
group have focused on patients who were not experiencing
exacerbation– consistently worsening symptoms– which pro-
vided limited data regarding the drug’s full therapeutic poten-
tial.52 A study from China addressed this limitation by recruiting
four MuSK-positive patients, all of whom experienced exacer-
bation and two of whom were in MC. Three patients received
10 mg/kg Efgartigimod administered as four infusions per cycle,
while the remaining patient received 20 mg/kg Efgartigimod on
day 1 and day 5. Medication dosages were gradually reduced
or kept constant throughout the treatment process. On average,
patients started with an MG-ADL score of 12 and improved
to about 6 after one cycle of Efgartigimod, a drop of roughly
six points. This level of improvement is considered clinically
meaningful, and importantly, every single patient, not just the
average, showed this benefit. These findings suggest that Efgar-
tigimod may be beneficial beyond AChR+ MG, even in acute
crisis situations, though more research to assess its efficacy and
safety is needed.

Rozanolixizumab

© The National High School Journal of Science 2025 | 5



Similar to Efgartigimod, Rozanolixizumab is a monoclonal
antibody that binds to FcRn, preventing it from binding IgG
antibodies. Therefore, antibodies cannot be rescued from cel-
lular degradation and levels of pathogenic IgG antibodies drop
significantly.18 The phase III trial recruited 200 patients with
similar baseline characteristics such as age, disease severity, and
treatment history. 90% of the patients had antibodies against
AChRs, while 10% had antibodies against MuSK.53 Patients
were administered either 7mg/kg Rozanolixizumab, 10 mg/kg
Rozanolixizumab or a placebo once a week for 6 weeks. The pri-
mary endpoint was change from baseline to day 43 in MG-ADL
score. At the end of the treatment process, both Rozanolix-
izumab groups showed statistically and clinically significant
improvements: Among the overall study population, MG-ADL
scores improved significantly versus placebo with both 7 mg/kg
(LSMD = −2.59, 95% CI [−4.09, −1.25]; p < 0.0001) and
10 mg/kg dosing (LSMD = −2.62, 95% CI [−3.99, −1.16];
p < 0.0001). Effects were seen as early as day 8, and the ben-
efit was similar in AChR+ and MuSK+ subgroups.54 For the
MuSK+ subgroup (n = 21) specifically, the MG-ADL score for
7mg/kg group improved by 7.28 points and 10mg/kg group by
4.16, whereas for patients on placebo, it worsened by 2.28. After
clinical trials, Rozanolixizumab became the first agent approved
by the FDA for the treatment of both AChR+ and MuSK+ MG.
Now, its efficacy in different diseases such as Fibromyalgia,
LGI1 autoimmune encephalitis, and MOG-antibody disease is
being studied.55 Side effects were mild and included headache,
diarrhea, and sometimes infections.

Clinical and Economic Challenges of these MG biologics

Although several new MG treatment options have emerged over
the past few years, there is no consensus as to which biologic
therapy offers the best balance of efficacy and safety. The ab-
sence of direct, head-to-head comparisons between biologics
makes it challenging for scientists to determine the most ap-
propriate treatment for specific clinical scenarios. Therefore, a
metal analysis was conducted by Scca et al, which evaluated and
ranked these treatments based on available data. Key findings
from this study included: 1) both FcRn inhibitors and comple-
ment inhibitors were effective in improving short-term quality
of life in MG patients, with no significant difference between
them in MG-ADL scores (p = 0.16). 2) FcRn inhibitors may be
more potent, particularly in improving muscle strength, given
that they had a greater impact on QMG score (LS mean change =
−4.78) than complement inhibitors (LS mean change= −2.60).
In the network-meta-analysis (NMA) rankings, Efgartigimod
had the highest probability of being the most effective treat-
ment, followed by Rozanolixizumab.56 While these findings are
informative, they are not considered definitive due to several
important limitations. Most of the included clinical trials were
short in duration, which limits their ability to inform on the

long-term efficacy and safety of treatments for MG. The trials
also varied significantly in design, patient populations, and out-
come measures, introducing heterogeneity that undermines the
comparability required for reliable NMA.57 To address these
limitations, a subsequent real-world study analyzed data from
153 MG patients treated with either complement or FcRn in-
hibitors between 2018 and 2024. Within six months, MG-ADL
scores decreased by about 4–5 points, QMG scores by 5–6
points, and MG-QoL15 scores by 8–9 points in both groups.
Therefore, the study found no significant difference in clinical
outcomes between two treatment groups, refuting the earlier
suggestions of FcRn inhibitors’ superiority.

While offering numerous clinical benefits, targeted biolog-
ics are often not widely accessible due to their high cost. A
cost-effective analysis comparing Eculizumab and Efgartigi-
mod plus conventional treatment versus conventional treatment
alone was conducted to determine whether the health benefits
provided by these biologics were adequate to justify their high
cost. The researchers used findings from earlier clinical tri-
als and entered them into a computer model called Markov
Model, which simulated patient outcomes, healthcare costs, and
quality-adjusted life years (QALYs)– a measure used to eval-
uate the value of medical treatments by combining how long
a person lives and how well they live– over a lifetime. While
both drugs showed improved clinical outcomes an QALYs, they
incurred dramatically higher costs. The incremental cost effec-
tiveness ratios (ICERs) were $3.34 million for Eculizumab and
$1.99 million for Efgartigimod, which far exceeded accepted
cost-effectiveness thresholds (typically $100,000–$200,000 per
QALY). When the model incorporated indirect benefits such
as reduced caregiver burden and improved work productivity
and long-term benefits like reduced hospitalizations, the ICERs
decreased only marginally (to $3.31 million and $1.96 million,
respectively), underscoring that the therapies remain econom-
ically unviable without drastic price reductions (over 88%).58

Therefore, future studies should be aimed at developing more af-
fordable biologics without compromising clinical effectiveness.

Future of Complement and FcRn Inhibitors

The future of MG treatment appears promising with many
new biologics currently under development or in trial stage.
New generation complement inhibitors include Gefurulimab,
which, unlike earlier complement inhibitors, is a small, bis-
pecific nanobody that binds both complement protein C5 and
albumin.59 Albumin is a naturally abundant blood protein that
is recycled by the body through FcRns.60 By attaching itself to
albumin, Gefurulimab takes advantage of this recycling path-
way and extends its lifespan. Gefurulimab’s dual binding has
two major benefits: 1) by staying in circulation longer, it can
maintain consistent C5 inhibition. 2) because of the extended
lifespan, it doesn’t need to be dosed as often. Gefurulimab
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can be administered once weekly by subcutaneous injection,
making it a practical and convenient alternative for patients. A
randomized controlled phase 3 trial for this drug has just been
completed.18

The combination of Pozelimab with Cemdisirian represents
a novel dual-approach to complement inhibition. Pozelimab
is a monoclonal antibody that blocks the complement protein
C5 at the site of immune activation, while Cemdisiran is a
small interfering RNA (siRNA) that works at the genetic level
to reduce the liver’s production of C5 protein.20,34,61 Together,
they target both the source and the action of C5, aiming for more
complete and sustained complement inhibition.62 Both drugs
are given as subcutaneous injections and are well-tolerated at
different doses. Pozelimab is already approved for CHAPLE
disease, and the Pozelimab–Cemdisiran combination has just
been tested in a Phase 3 randomized controlled trial for MG.18

Comprehensive data for phase III MG trial has not been released
yet.

Iptacopan is an oral, small-molecule inhibitor that targets com-
plement factor B, a component of the alternative complement
pathway. This pathway is one of the three distinct activation
routes in the complement system, alongside classical and lectin
pathways, and plays a central role in amplifying complement
activity once it has been triggered.17,63 In AChR-positive MG,
the classical pathway is the initiator of immune-mediated dam-
age at the NMJ due to autoantibody binding.64 Iptacopan does
not block the classical pathway directly, so initial antibody bind-
ing and complement activation might still occur. However, by
inhibiting factor B, it disrupts the alternative pathway ampli-
fication loop, limiting downstream complement activity. As a
result, the formation of pro-inflammatory proteins such as C3a
and C5a, as well as the MAC, is significantly reduced.63,65 This
upstream mechanism contrasts with C5 inhibitors, which block
the final step of the complement cascade (C5 cleavage and MAC
formation) but still allow upstream C3 activation products such
as C3a and C3b to drive inflammation. Therefore, factor B inhi-
bition appears more promising than C5 inhibition. Iptacopan is
currently being evaluated in a Phase 3 clinical trial for AChR+
MG.

Vemircopan is functionally similar to Iptacopan in that it
blocks the alternative complement cascade. However, instead of
inhibiting factor B, Vemircopan inhibits factor D, which is an
essential enzyme for activating factor B.18,66 Figure 3 provides
a schematic of the alternative complement pathway. Specifically,
factor D cleaves factor B when it’s bound to C3b, forming the
enzyme complex C3bBb, also known as the C3 convertase of
the alternative pathway. This complex amplifies complement
activation by cleaving more C3 into C3a and C3b. The resulting
C3b helps form C5 convertase, which generates the inflamma-
tory protein C5a and leads to membrane attack complex (MAC)
formation.28,65,67 By blocking factor D, Vemircopan shuts down
this amplification loop, reducing inflammation and tissue dam-

Fig. 3 Schematic representation of the alternative complement pathway
leading to the MAC formation. Created with Biorender.com

age.
The inhibition of factor D and factor B ultimately result in sim-

ilar clinical outcomes, as they both modulate the same pathway.
However, factor D is considered a more efficient pharmacologic
target. Factor D circulates through the body at very low levels
(∼1–2 g/mL) and functions as the rate-limiting enzyme of the
complement pathway, meaning its inhibition effectively shuts
down the cascade. Because of this, even modest drug exposure
can achieve robust blockade of complement activity. In contrast,
factor B is far more abundant and requires higher systemic drug
levels for full inhibition.

A study aimed at quantifying alternative complement path-
way’s contribution to the classical pathway found that blocking
factor D reduced over 80% of C5a and MAC formation even
when activation was through the classical pathway. The classical
pathway alone produced limited terminal complement activity
unless amplified by the alternative complement pathway.68 De-
spite its promising mechanism, Vemircopan’s clinical develop-
ment for MG was terminated in early 2025 after Phase II trials
failed to demonstrate sufficient clinical benefit.18

Two new generation FcRn inhibitors are Batoclimab and
Nipocalimab. Batoclimab is a monoclonal antibody designed as
a subcutaneous injection.18 In the phase III trial (called FLEX),
132 patients were randomly assigned to take once-weekly in-
jections of 340 mg, 680 mg or a placebo for 12 weeks.69 The
primary endpoint was mean change from baseline in MG-ADL
to week 12. 58.2% of patients who received Batoclimab and
31.3% of placebo patients reached the primary endpoint. Pa-
tients receiving the higher dose achieved a 5.6-point improve-
ment in MG-ADL, while those on lower dose showed a 4.7-point
improvement. Batoclimab also led to a substantial decrease in
IgG levels (around 70%), including pathogenic antibodies.18,70

Despite these positive outcomes, the developers chose not to
pursue a regulatory approval and instead shifted focus to de-
veloping another FcRn inhibitor named IMVT-1402.70 Table 1
below shows the pipeline status of Batoclimab and IMVT-1402,
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together with the two next-generation complement inhibitors
discussed above.

Nipocalimab is an IgG1 monoclonal antibody that targets
FcRn and binds with high affinity across a broad pH range.20

In the phase 2 VIVACITY-MG trial designed to assess the ef-
ficacy of Nipocalimab, 68 MG patients were randomized into
five different treatment arms, testing various doses and sched-
ules. While no major issues were identified, and side effects
like diarrhea, headache, and nasal congestion were mild, none
of the individual dosing groups showed a statistically significant
improvement in MG-ADL scores compared to placebo on their
own. However, when researchers pooled all the Nipoculimab
groups together, the combined group showed a significant im-
provement in MG-ADL scores compared with placebo (LSMD
= −2.2, 95% CI [−3.9, −0.5]; linear trend p= 0.031).18,71 This
finding suggested some clinical effect, but not strong enough
to clearly identify an optimal dose, since the p value was only
marginally significant (close to 0.05). Later, the phase 3 trial
was performed, where patients were either assigned to take 60
mg/kg of the drug every 2 weeks or a placebo. Nipocalimab
met its primary endpoint, which was improvement in MG-ADL
compared to placebo (LSMD = −1.45, 95% CI [−2.38, −0.52];
p = 0.0024). Both AChR-positive and MuSK-positive MG pa-
tients experienced this clinical effect.72 Nipocalimab showed
the most prolonged disease control of any FcRn inhibitor in
phase III trials.? Table 2 below offers a summary of phase III
clinical trials and their results.

Practical Recommendation for Clinicians

Several factors need to be considered before the decision as to
what type of targeted biologics is most suited to a patient is
made. These factors include MG subtype, the severity of the
patient’s condition, prior treatment history, and comorbidities.
Complement inhibitors are currently best suited for refractory
AChR+ MG patients, as the phase III RCTs (randomized con-
trolled trials) primarily enrolled this population and the regu-
latory approvals were granted on that basis. Their use should
always be preceded by meningococcal vaccination and infec-
tion precautions, given the high risk of serious adverse events.
FcRn inhibitors, in contrast, may be considered for patients
who require a broader and reversible reduction of pathogenic
IgG, including those with frequent relapses or intolerance to
traditional therapies. One advantage of these biologics is that
they can be used across different antibody subtypes. In clinical
practice, complement blockade tends to be reserved for severe,
resistant disease, while FcRn blockade offers a more flexible
option earlier in the treatment process. Regardless of the choice,
close monitoring for infection, durability of effect (open-label
extensions), and patient quality of life is essential, and deci-
sions should ideally be made in a multidisciplinary setting with
attention to cost, coverage, and long-term safety data.

Conclusion

This review encompasses recent literature on advances in tar-
geted therapeutics for generalized MG, with a specific focus on
complement pathway blockers and FcRn inhibitors. The clinical
success of these biologics has initiated a wave of innovation in
the field. Numerous companies are now directing their efforts to
the development of new-generation biologics aimed at enhanc-
ing efficacy, and addressing practical limitations such as cost
and administration difficulty. Given the accelerating pace of
discovery in MG treatment, this review might not capture every
emerging therapy. Nonetheless, it offers a comprehensive foun-
dation for understanding the current state and future trajectory
of targeted therapeutics in MG treatment.

Complement pathway blockers and FcRn inhibitors represent
two mechanistically distinct, yet complementary approaches that
provide clinical benefits and symptom relief. FcRn inhibitors
reduce the overall burden of pathogenic IgGs by preventing their
recycling and constant circulation in the bloodstream. Mean-
while, complement inhibitors prevent downstream tissue damage
and amplification loops by blocking activation points in the com-
plement cascade. With the efficacy of these treatment models
demonstrated in phase III trials, researchers are now working
to make them more accessible, convenient, and affordable for
patients.

Treatment strategy in MG is guided by autoantibody sub-
type and disease severity. One limitation associated with com-
plement inhibitors is its exclusive application to patients with
AChR-positive MG. However, as this group comprises 80-85%
of all MG patients, these therapies can still benefit the majority.
Compared to complement inhibitors, FcRn inhibitors have a
broader patient subgroup applicability, because they reduce total
IgG antibodies and have shown efficacy in MuSK-positive MG
patients as well– for instance, with the FDA approval of Rozano-
lixizumab for this population. Looking ahead, future research
and clinical trials should expand to include a more diverse spec-
trum of MG subtypes, including MuSK-positive, LPR4-positive,
and seronegative patients. Additionally, combination strategies,
head-to-head comparisons, and biomarker-driven treatment se-
lection will be essential to fully realize the potential of these
biologics, better understand the most appropriate therapy for
different clinical scenarios, and thus offer the best treatment
possible.

Literature Selection

This review draws on peer-reviewed literature published be-
tween 2004 and 2025, identified through PubMed, Google
Scholar, ScienceDirect, New England Journal of Medicine, and
Frontiers. Sources were selected to capture both the original
research and the reviews relevant to complement and FcRn inhi-
bition in Myasthenia Gravis, with emphasis on studies providing
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Table 1 Development status and evidence basis of emerging biologics in MG.

clear clinical insights. Additionally, articles explaining the drug
mechanisms under current investigation for MG were also uti-
lized. Non-peer reviewed sources were excluded.
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