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Background: The prevalence of patients positive for muscle-specific kinase 
antibody (hereafter, MuSK-Ab) accounts for 5–8% of all myasthenia gravis (MG) 
cases. Currently, efgartigimod has shown good therapeutic effects in MUSK-Ab-
positive MG patients in a phase III clinical trial. However, phase III clinical trials 
tend to exclude MG patients in exacerbation, and there are only few real-world 
studies on the efficacy of efgartigimod in MuSK-Ab-positive myasthenic crisis 
(MC) patients. This retrospective, real-world study aimed to explore the efficacy 
of efgartigimod in MuSK-Ab-positive MG with exacerbation.

Methods: We reviewed the clinical data of four MuSK-Ab-positive patients 
with exacerbation of MG who received efgartigimod at the First Affiliated 
Hospital of Sun Yat-sen University, including two patients with MC. All patients 
were admitted between September 2023 and May 2024. Most patients are 
simultaneously undergoing rituximab treatment.

Results: Each patient completed one cycle of efgartigimod. After the first 
administration, four patients showed a clinically meaningful decrease in the 
Myasthenia Gravis Activities of Daily Living (MG-ADL) score (a reduction of more 
than 4 points compared to baseline), and all patients showed a decrease in IgG 
levels after one cycle of efgartigimod. Regarding safety, none of the patients 
experienced any obvious adverse effects. At the final follow-up, all patients 
achieved the minimal symptom expression status (an MG-ADL score of 0 or 
1) following the first administration of efgartigimod for 8.75  ±  5.56  weeks. This 
article presents a case involving a patient who exhibited prompt alleviation of 
symptoms following the administration of a high dose of efgartigimod (20  mg/
kg, given on days 1 and 5), without the use of any other fast-acting treatment.

Conclusion: This retrospective real-world study demonstrates the effectiveness 
and safety of efgartigimod in these four MuSK-Ab-positive, female Asian patients 
with exacerbation of MG, as well as in patients experiencing MC. It is important 
to note that efgartigimod should not be viewed as a substitute for foundational 
immunotherapy; rather, it is intended as a rescue treatment during exacerbations 
and as an adjunctive therapy in the context of long-term immunotherapy. This 
non-invasive approach has the potential to become another treatment option 
for MuSK-Ab-positive MG patients.
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1 Introduction

Myasthenia gravis (MG) is an antibody-mediated autoimmune 
disease characterized by fluctuating muscle weakness and fatigue, which 
can affect the skeletal muscles throughout the body (1, 2). Among all 
patients with MG, approximately 5–8% are muscle-specific kinase 
antibody (MuSK-Ab)-positive (3–5). MuSK-Ab-positive patients with 
MG primarily exhibit symptoms affecting the bulbar, respiratory, and 
neck muscles. The initial symptoms can include dysarthria, dysphagia, 
dyspnea, and head drop (5–7). Patients also tend to develop a myasthenic 
crisis (MC) (5). Nearly 40% MuSK-Ab-positive patients with MG will 
experience MC (8), and those who are MuSK-Ab-positive and experience 
MC tend to have a longer tracheal intubation time, longer stay in the 
intensive care unit (ICU), and longer overall hospitalization time (9).

MuSK-Ab belongs to the IgG4 type that are unable to activate the 
complement system or mediate AChR receptor internalization; as a 
result, patients shown poor responsiveness to intravenous 
immunoglobulin (IVIG) (10). The observed clinical symptoms in 
patients with MG and MuSK-Ab positivity are closely linked to 
antibody titers (3). Therefore, reducing antibody titers in the serum 
can help alleviate the clinical symptoms.

Efgartigimod is a human IgG1 Fc fragment that competitively 
binds to the neonatal Fc receptor, displaces pathogenic antibodies, and 
inhibits IgG recycling (11). The efficacy of efgartigimod in 
non-exacerbation MuSK-Ab-positive patients with MG has been 
demonstrated in a phase III clinical trial, with all three patients 
showing positive treatment outcomes as responders on the Myasthenia 
Gravis Activities of Daily Living (MG-ADL) scale. Notably, phase III 
clinical trials tend to exclude MG patients in the MGFA V stage, and 
there are only few real-world studies on the efficacy of efgartigimod 
in MuSK-Ab-positive patients with exacerbation. Herein, we report 
the clinical details of four patients with MuSK-Ab-positive MG with 
exacerbation who were treated with efgartigimod and provide an 
evaluation of its efficacy. Two of these four patients experienced MC.

2 Materials and methods

2.1 Ethics approval and consent to 
participate

All procedures with human participants’ involvement were 
following the ethical standards of the institutional and/or national 
research committee and with the 1964 Helsinki Declaration and its 
later amendments or comparable ethical standards. This is an 
observational study, and the local ethics committee for clinical 
research has confirmed that no ethical approval is required.

Before administration of the efgartigimod, we clearly informed the 
efficacy and AEs of it and fully explained the purpose and content of 

this study. Moreover, as this is a retrospective study with no additional 
interventions, the requirement for written informed consent 
was waived.

All patients indicated agreement for publication. No personal 
information of the participants has been disclosed in this manuscript.

2.2 Patients

Four myasthenia gravis patients with MuSK-Ab positive MG, acute 
exacerbation, and IgG levels >6 g/L undergoing treatment at the First 
Affiliated Hospital of Sun Yat-sen University between September 2023 
and May 2024 were included. Two were outpatients, and the remaining 
two inpatients were in MC. Among the outpatients, one exhibited a 
rapid deterioration of symptoms shortly after catching a cold. The 
outpatient assessment showed an MG-ADL score of 13 and Myasthenia 
Gravis Foundation of America (MGFA) class IVB, which can 
be categorized as impending MC (12): rapid clinical worsening of MG 
that, in the opinion of the treating physician, could lead to crisis in the 
short term (from days to weeks). The other outpatient also experienced 
exacerbation after catching a cold, with an MG-ADL score of 5, mainly 
presenting symptoms on the bulbar and ocular muscles. Patients who 
have fulfilled the criteria of CSR (Complete Stable Remission), PR 
(Pharmacologic Remission), or MM (Minimal Manifestations) but 
subsequently developed clinical findings greater than permitted by 
these criteria were said to be in the acute exacerbation period (13). Both 
MC cases met the international definition of manifested MC: worsening 
of myasthenic weakness requiring intubation or non-invasive 
ventilation to avoid intubation, except when these measures are applied 
in routine postoperative management (12). All patients had received at 
least one cycle of efgartigimod and had their MG-ADL scores recorded 
before and after treatment. Patients’ information included antibody 
status, history of thymoma and thymectomy, and MG-specific 
treatment at the start of efgartigimod therapy.

2.3 Treatment

Three patients received 10 mg/kg efgartigimod administered as four 
infusions per cycle (one infusion per week), while the remaining patient 
received 20 mg/kg efgartigimod on day 1 and day 5. Prior to starting 
efgartigimod, most patients were taking corticosteroids and/or steroid-
sparing therapies (including receiving rituximab every 6 months). 
Medication dosages were gradually tapered or kept constant throughout 
the treatment process depending on the primary disease course 
(Table 1). The disease course of the patients is presented in Figure 1.

2.4 Evaluation of clinical efficacy

The MG-ADL scale was utilized in this study to assess clinical 
efficacy. A clinically meaningful improvement in the MG-ADL score 
was defined as a ≥ 4-point reduction after one cycle of efgartigimod 
administration compared with baseline. Minimal symptom expression 
(MSE) is defined as an MG-ADL score of 0 or 1 (14–16).

The reduction in patients’ IgG levels was also included to analyze 
the efficacy of efgartigimod. The concentration of total IgG in plasma 
was measured by an immunoturbidimetric assay.

Abbreviations: MG, myasthenia gravis; MC, myasthenic crisis; MUSK-ab, muscle-

specific kinase antibody; MG-ADL, Myasthenia Gravis Activities of Daily Living; 

ICU, intensive care unit; IVIG, intravenous immunoglobulin; MGFA, Myasthenia 

Gravis Foundation of America; CSR, complete stable remission; PR, pharmacologic 

remission; MM, minimal manifestations; MSE, minimal symptom expression; AEs, 

adverse events; PE, plasma exchange; MV, mechanical ventilation; QMG, 

Quantitative Myasthenia Gravis.
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2.5 Evaluation of safety

All adverse events (AEs) during and after treatment with 
efgartigimod were reported. The white blood cell count and serum 
albumin were measured at the initial administration of efgartigimod 
and at the last follow-up.

3 Results

3.1 Clinicodemographic characteristics of 
patients

The mean age of the patients was 49.75 ± 9.71 years, and the mean 
duration of MG was 1.56 ± 0.88 years. All four patients were female. 
Chest computed tomography did not reveal thymomas in any patient. 
Case 1 and Case 2 were in MC and received efgartigimod during 
hospitalization; the remaining two patients were outpatients 
(Table 1).

3.2 Clinical effectiveness of efgartigimod 
for the treatment of MG

3.2.1 MG-ADL scores
The MG-ADL scores of all the four patients were assessed 

(Figure  2). All patients experienced a clinically meaningful 
improvement of their symptoms, as evidenced by a ≥ 4 point decrease 
in the MG-ADL score after one cycle of medication, compared with 
baseline. The MG-ADL score reduced from 12.00 ± 5.48 at the baseline 
to 5.75 ± 4.79 after one cycle of efgartigimod.

The follow-up duration for the four patients was 13.00 ± 5.89 weeks. 
At the final follow-up, four patients ultimately reached the MSE state 
at 8.75 ± 5.56 weeks after receiving the first administration of 
efgartigimod. In Case 1, there was a significant improvement in 
symptoms after the first week of medication, and the MG-ADL score 
dropped to 0, reaching the MSE state.

3.2.2 IgG
A change in serum IgG levels before and after one cycle of 

medication was observed in all patients (Figure  3). IgG levels 
decreased from 17.95 ± 6.12 g/L to 9.42 ± 4.98 g/L, by 52.31 ± 16.9% 
(42.31, 38.42, 76.07, 52.45%, respectively).

3.3 Safety profile of efgartigimod for the 
treatment of MG

None of the patients experienced any infusion-related reaction 
events or hypalbuminemia, but Case 4 complained of headache which 
was tolerable.

4 Discussion

This article reports on four patients with MuSK-Ab-positive MG 
with exacerbation who were treated with efgartigimod. All four 
patients completed one cycle of treatment, and responded well to T
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efgartigimod, as indicated by a clinically meaningful decrease in the 
MG-ADL score or a decrease in serum IgG.

All patients in this study received efgartigimod during 
exacerbation. Two outpatients experienced exacerbation of a cold with 
the regular use of rituximab. Following efgartigimod treatment, their 
symptoms improved rapidly. The symptoms of Case 1 disappeared 
immediately after the first injection and remained stable until the 
subsequent rituximab treatment. Case 2 successfully reached a stable 
state after one cycle of efgartigimod treatment before the subsequent 
rituximab treatment as displayed in Figure 1. Unfortunately, because 
of insurance-related issues, both patients chose to receive rituximab 
treatment instead of continuing regular efgartigimod injections.

Case 4 received efgartigimod directly without undergoing any 
other fast-acting treatments, such as intravenous high-dose 
methylprednisolone (IVMP), IVIG, and plasma exchange (PE). Both 
Cases 3 and 4 were in MC and were successfully withdrawn from 

mechanical ventilation (MV) after efgartigimod treatment (Case 3 was 
withdrawn on day 4 subsequent to the administration of the second 
dose of efgartigimod and Case 4, on day 6 after receiving a cycle of 
efgartigimod) with ICU stay of 22 days and 25 days, respectively, and 
MV times of 20 days and 19 days, respectively. The length of ICU stays 
and MV time for these two patients did not show significant 
differences compared to a large data retrospective study. A median 
MV duration of 12 days (range: 1–219 days) and median ICU stay of 
16 days (17).

Safety was acceptable: one patient experienced tolerable 
headaches, while another patient experienced changes in laboratory 
test indices; however, these reactions did not lead to discontinuation 
of the drug, and all four patients were concurrently taking oral or 
intravenous steroids, making it challenging to rule out the possibility 
of steroids and concurrent lung infections as the cause of leukocytosis. 
At present, there is no verified research to establish efgartigimod’s 

FIGURE 1

Disease course of the patients. This figure illustrates the progression of the illness and the Myasthenia Gravis Foundation of America (MGFA) 
classification, along with the specific muscle groups impacted in four patients. Changes in the treatment are also shown along the trajectory. All 
patients experienced a worsening of symptoms. Case 1 and 2 had been undergoing consistent rituximab therapy prior to efgartigimod administration; 
however, they exhibited fluctuating symptoms during the course of rituximab treatment. They both were symptom-free for 3–4  months (thus the 
MGFA classification was not shown), but quickly developed dysarthria and dysphagia after having a cold (MGFA IIb). Notably, their symptoms 
demonstrated significant improvement following the initiation of efgartigimod therapy. Case 4 had previously undergone a regimen of four weekly 
injections at other hospital prior to this exacerbation, which resulted in symptom alleviation and a reduction in MGFA classification from IIb to IIa, a 
status that was sustained for 3  months. They also saw a deterioration in symptoms from MGFA IIA/IIIB to V, indicating a MC. Patient 3 received 
efgartigimod treatment subsequent to the ineffectiveness of IVMP and IVIG therapies. Similarly, Patient 4 exhibited rapid symptom alleviation following 
efgartigimod administration, without the need for additional fast-acting treatment. Following the stabilization of his symptoms, Patient 4 is scheduled 
to resume regular rituximab therapy. MG, myasthenia gravis; MGFA, Myasthenia Gravis Foundation of America; GC, prednisone/methylprednisolone; 
PB, pyridostigmine; Tac, tacrolimus; RIX, rituximab; EFG, efgartigimod; AZA, azathioprine; B, bulbar muscles; N, neck muscles; R, respiratory muscles; L, 
limb muscles; PE, pulmonary embolism; PMV, prolapse of mitral valve; T2DM, diabetes mellitus type 2; HP, hypertension; IVIG, intravenous 
immunoglobulin; PE, plasma exchange; IVMP, intravenous high-dose methylprednisolone.
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efficacy in patients with MC. However, given its ease of administration 
and reduced adverse events, efgartigimod could potentially become a 
treatment alternative for those with MC.

Treatment alternatives for individuals with MuSK ab-positive MG 
are relatively scarce, and the clinical outcomes are frequently 
unsatisfactory. Many patients with MG who test positive for MuSK-Ab 
typically show limited improvement with various 
immunosuppressants, leading to low remission rates following such 
treatments. Rituximab, a chimeric anti-CD20 monoclonal antibody 
known for B-cell depletion, has shown encouraging results in treating 
MuSK-Ab-positive MG patients according to various clinical 
observations, and is even reported to help reduce the use of steroids 
(12, 18–27). The efficacy and safety of rituximab for MuSK-Ab-
positive patients with MG have not been clinically validated by 
randomized controlled studies, but some retrospective studies have 
confirmed that rituximab is more effective for MUSK-Ab-positive 
patients, with approximately 70–80% patients showing response to it, 
even surpassing patients with AChR antibodies (19–27). Current 
guidelines recommend early administration of this medication when 

the standard initial treatment fails to result in prompt rapid remission 
(12). However, the onset of rituximab’s effects is relatively slow, so it is 
not suitable for use in exacerbations to rapidly control symptoms.

In this article, Cases 1, 2, and 3 were administered regular 
infusions of rituximab as maintenance therapy alongside with 
efgartigimod to control exacerbation symptoms. This choice was 
based on the pharmacokinetics of efgartigimod, which has a half-life 
of 80–120 h and is fully metabolized after five half-lives (11). 
Consequently, we recommend initiating the subsequent rituximab 
infusions 2–4 weeks following efgartigimod administration to avoid 
rapid rituximab clearance and maintain therapeutic efficacy. Owing 
to its ability to enhance the breakdown of IgG immunoglobulins in 
the body, efgartigimod may potentially influence the metabolism of 
rituximab, which is classified under the IgG1 subclass and has a 
median half-life of approximately 22 days (range: 6.1–52 days) (27). 
This interaction could lead to an accelerated clearance rate of 
rituximab from previous treatment cycles. Therefore, administering 
efgartigimod to control acute exacerbations may potentially impact 
the long-term efficacy of rituximab. However, in our review, we found 

FIGURE 2

Changes in Myasthenia Gravis Activities of Daily Living (MG-ADL) scores for patients. The black arrows represent the four doses of efgartigimod at 
10  mg/kg once a week, while the red arrows represent the two doses (case 4) at 20  mg/kg on day 1 and 5.

FIGURE 3

Changes in the immunoglobulin G (IgG) levels before and after one cycle of efgartigimod treatment for patients. The black arrows represent four doses 
of efgartigimod at 10  mg/kg once a week, while the purple arrows represent one patient (Case 4) receiving efgartigimod at 20  mg/kg on day 1 and 5.
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that two patients (Case 1 and Case 2) did not experience fluctuations 
in their condition before receiving the next course of rituximab. Thus, 
we thought that efgartigimod can be used as a rescue treatment during 
exacerbations to regular rituximab treatment.

Determining the most suitable medication for managing acute 
exacerbation poses a significant challenge. The decision-making 
process involves weighing the options of alternative fast-acting 
treatments or direct administration of efgartigimod. A thorough 
evaluation should be  conducted, taking into account the patient’s 
clinical condition, drug accessibility, convenience, and other relevant 
factors. With respect to Case 4, the decision to administer high-dose 
efgartigimod for prompt shock treatment was based on several 
considerations, including good respond to patient’s previous use of 
efgartigimod and its invasive administration method compared to 
PE. Our clinical experience has shown that high-dose efgartigimod 
ensures proper dosage while reducing administration time. The 
decision to utilize a higher dosage and an alternative administration 
schedule—specifically, the intravenous delivery of 20 mg/kg of 
efgartigimod on days one and five—derives from the treatment 
protocol established in the ongoing Phase II clinical trial for Guillain-
Barré syndrome (GBS). Findings from the pharmacodynamics study 
conducted during the Phase I  clinical trial of efgartigimod 
demonstrated that dosages ranging from 10 to 25 mg/kg, administered 
every 4 to 7 days, did not result in drug accumulation and were 
deemed safe. Furthermore, we posit that the management approach 
for patients experiencing MC and classified as IVB differs from that 
for those IIA-IVA, necessitating short-term, rapidly effective treatment 
regimens akin to IVIG or PE. Using standard treatment regimens 
(10 mg/kg once weekly for a total of 4 doses) for patients in 
exacerbation or MC is may not suitable. The treatment regimen 
during this phase should be tailed, focusing on the rapid elimination 
of pathogenic antibodies. This new dosing regimen compresses the 
original 4-week treatment to 5 days, and the single dose was doubled 
while maintaining the total dose unchanged. This dosing approach is 
expected to decrease the treatment duration and facilitate the recovery 
of patients in exacerbation. Consequently, Case 4 underwent high-
dose efgartigimod treatment, followed by rituximab infusion, resulting 
in favorable clinical outcomes and safety.

Evidence from animal models, case reports, and clinical trial 
outcomes has shown that efgartigimod is capable of reducing 
MuSK-Ab levels. In mice, the levels of passively transferred IgG4 
antibodies decreased on the first day after efgartigimod infusion, with 
a faster rate of decrease than the control group. At the endpoint, the 
levels of MuSK-Ab in the efgartigimod group decreased by 8-fold. 
Additionally, mice in the efgartigimod group exhibited better results 
regarding neuromuscular performance, body weight, grip strength, 
the inverted mesh hang test, and repetitive nerve stimulation than the 
Fc fragment control group (p < 0.05) (28). Similarly, the phase III study 
ADAPT and ADAPT+ trials confirmed the efficacy and safety of 
efgartigimod in patients who were positive for MuSK-Ab. However, 
in the phase I clinical trial, efgartigimod was shown to expedite the 
clearance of IgG4 antibodies, with a reduction in IgG4 antibodies 
comparable to IgG1–3 (11).

The strength of this study lies in our pioneering use of 
efgartigimod to treat MuSK-Ab-positive MG with exacerbation. The 
study also investigated the effectiveness and safety of efgartigimod in 
two patients experiencing MC. One of the patients underwent a new 
high-dose efgartigimod treatment regimen, which reduced the 

treatment duration while maintaining the same overall dosage. This 
approach successfully relieved the MC in the patient, leading to a 
stable condition.

The study is primarily limited by the small number of patients and 
the short follow-up time. These limitations did not allow for 
controlling the severity of the patients’ conditions and infection 
status, potentially interfering with the accurate assessment of the 
efficacy of efgartigimod. Our patients did not have data about the 
changes in the antibody titers, and the majority of them only 
underwent one cycle of efgartigimod treatment. In addition, this 
study was not a randomized controlled trial. This study exclusively 
gathered data on the MG-ADL assessments of patients with MC in 
the ICU owing to their sedated condition, potentially resulting in 
higher Quantitative Myasthenia Gravis (QMG) scores. Presently, 
there is a lack of a tailored scoring system for MC patients. Clinical 
studies are needed to confirm the actual effectiveness of efgartigimod 
in patients experiencing MC.

5 Conclusion

This article discusses the initial real-world investigation into 
efgartigimod’s application for MuSK-Ab-positive MG patients with 
exacerbation, featuring two instances of MC; efgartigimod displayed 
effectiveness and a safety profile. Also, efgartigimod may function as 
a rescue therapy for patients who are routinely treated with rituximab 
during exacerbation. For further validation of efgartigimod’s 
performance as a non-invasive and well-tolerated therapy for MuSK-
Ab-positive MG, more rigorous evaluation is required to potentially 
enhance its clinical impact.
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