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Objective

Efgartigimod (EFG), a neonatal Fc receptor antagonist that facilitates the degradation of pathogenic immunoglobulin G, is approved for the treatment of generalized myasthenia gravis (MG). This study aims to evaluate the efficacy and safety of EFG in patients with very-late-onset myasthenia gravis (VLOMG).





Methods

This study enrolled 15 consecutive patients diagnosed with VLOMG who received EFG treatment. Baseline demographic and clinical characteristics, as well as dynamic changes in the MG-specific activities of daily living (MG-ADL) score and quantitative MG (QMG) score, were systematically recorded.





Results

Patients were stratified into two groups: a worse group (n = 8) and a new-diagnosed group (n = 7), the latter of which included 5 patients who had received monotherapy with pyridostigmine (Py) prior to EFG. At week 5, the mean changes in MG-ADL scores were -4.9 ± 3.3 in the overall VLOMG cohort, -6.1 ± 3.1 in the new-diagnosed group, -6.6 ± 3.6 in the mono-Py subgroup, and -3.8 ± 3.2 in the worse group. The clinical meaningful improvement (CMI) rate was 86.7% (13/15) in the overall cohort, 75.0% (6/8) in the worse group, and 100.0% (7/7) in the new-diagnosed group. During a mean follow-up time of 39.2 ± 16.2 weeks, symptoms remained stable in responsive patients, with various treatment strategies implemented following the fast-acting treatment of EFG. No adverse drug reactions were reported in this cohort.





Conclusion

This study demonstrates that EFG is an effective and safe treatment for patients with VLOMG. EFG exhibits potential as an early, fast-acting treatment and may confer sustained clinical benefits in this patient population.
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Introduction

Myasthenia gravis (MG) is a prototypical autoimmune disorder characterized by the production of autoantibodies directed against key neuromuscular junction components, including acetylcholine receptors (AChR), muscle-specific tyrosine kinase (MuSK), and other postsynaptic membrane-associated proteins (1). The typical symptom of MG was fluctuating fatigue of skeletal muscles (1). MG demonstrates significant clinical heterogeneity and can be categorized into distinct subgroups according to antibody profiles, age at onset, predominant symptoms, and thymic pathology (2). Therefore, the development of a treatment strategy for MG is challenging and requires a personalized approach.

Patients with onset-age older than 50 years old are classified as late-onset MG (LOMG) (3). In recent years, the prevalence of LOMG has increased significantly, likely due to improved disease recognition and the aging population (4, 5). Consequently, recent studies have proposed further stratification of LOMG into two subgroups, with very-late-onset myasthenia gravis (VLOMG) defined by symptom onset after 65 years of age (6). Patients with VLOMG typically present with more severe initial symptoms, an elevated risk of disease exacerbation, but have better long-term outcomes (7, 8). Furthermore, VLOMG patients frequently exhibit multiple comorbidities, including cerebrovascular disease, diabetes mellitus, chronic renal failure, and osteoporosis, which may obscure the early diagnosis of MG and substantially limit the use of corticosteroids and other immunosuppressive therapies (9, 10). Therefore, early initiation of fast-acting therapies with favorable safety is critical for this patient population.

Early fast-acting treatment is characterized by the administration of intensive therapeutic interventions during the initial disease phase to rapidly achieve minimal manifestation status (MMS), typically involving high-dose intravenous methylprednisolone (IVMP), plasma exchange (PLEX), and intravenous immunoglobulin (IVIg) (11, 12). However, the utilization of these treatments in VLOMG patients is often limited by significant clinical constraints. For example, IVMP is associated with adverse effects such as hyperglycemia and peptic ulcers, while IVIg may increase the risk of thromboembolic events and acute renal failure, particularly in elderly patients (13). Recently, neonatal Fc receptor (FcRn) inhibitors, which is praised as “plasma exchange in a bottle”, dramatically revolutionizes the treatment landscape of MG (14). Efgartigimod (EFG) is a human IgG1 Fc-fragment that competitively inhibits the binding of endogenous IgG to FcRn, thereby accelerating the degradation of pathogenic IgG antibodies (15). In a phase 3 clinical trial, EFG demonstrated rapid efficacy in AChR antibody-positive generalized MG (gMG), with clinical improvement observed within the first treatment cycle and a response onset within 2 weeks in 87% of responders (15). In addition, multiple studies have highlighted the efficacy of EFG as a fast-acting therapeutic option for myasthenic crisis (MC) or impending MC (16–19). Moreover, EFG is generally well-tolerated in gMG patients (15, 20). Given the fast efficacy and safety of EFG, it has the potential to be a fast-acting strategy for VLOMG patients. Nevertheless, there has been a lack of research specifically investigating the application of EFG within this MG subgroup. Therefore, we conducted a retrospective study to evaluate the efficacy of EFG in VLOMG patients and its potential role in new-diagnosed patients.





Materials and methods




Study population

This retrospective and pilot case series study consecutively recruited 15 patients with generalized VLOMG at the Department of Neurology of the Affiliated Hospital of Xuzhou Medical University from November 2023 to December 2024. The diagnosis of MG was affirmed based on typical clinical symptoms, which are characterized by fluctuating skeletal muscle weakness, along with at least one positive auxiliary test such as neostigmine test, repetitive nerve stimulation, and serological antibodies detection. Patients with one or more of the following conditions were excluded: (1) incomplete baseline records; (2) other autoimmune diseases; (3) history of B-cell targeted monoclonal drugs; (4) therapies adjustment within 5 weeks after the first EFG infusion; (5) MG-specific activities of daily living (MG-ADL) score ≤ 5 points. Patients with VLOMG were classified into two groups according to the disease status at admission: new-diagnosed group (n = 7) and worse group (n = 8). The status of worse was diagnosed in accordance with Myasthenia Gravis Foundation of America (MGFA) post-intervention status (PIS) and was defined as a minimum increase of ≥5 points in quantitative myasthenia gravis (QMG) score or ≥2 points in MG-ADL score from the previous visit (21, 22). In addition, to exclude the effect of pyridostigmine (Py) on the efficacy observation, only new-diagnosed patients whose symptoms did not improve after Py were included.





Data collection

Demographic data, including age, gender, disease duration, antibody profile, thymic status, and comorbidities, were gathered from medical records. Blood samples were collected on an empty stomach and the concentrations of serum IgG were measured by immunonephelometric before infusion of EFG. The severity of MG was evaluated by MG-ADL score, QMG score, and MGFA classification. Each QMG score was evaluated more than 8 hours after the last use of Py (23). In addition, patient-reported adverse events were collected from the interviews.





Statistical analysis

Statistical Package for the Social Sciences (SPSS 26.0) and GraphPad Prism software 9.2.0 were utilized for statistical analysis. Categorical variables were expressed as numbers (percentages), normally distributed variables were expressed as mean ± standard deviation (SD), and non-normally distributed variables were expressed as median (interquartile range). Independent data was compared by unpaired T-test (normal distribution) or Mann–Whitney U test (abnormal distribution) and paired data was compared by paired T-test or Wilcoxon matched-pairs test. The statistical significance was considered as a p value of < 0.05 (two tailed).






Results




Baseline characteristic of study population

This study included 15 patients with generalized VLOMG according to inclusion and exclusion criteria. The detailed clinical information of those patients was listed in Table 1. The mean age was 73.9 ± 5.9 years old, and the female-to-male ratio was 8:7, with a median duration of 12.0 (2.0, 33.0) months and a mean follow-up time of 39.2 ± 16.2 weeks. All patients tested positive for anti-AChR antibody and 3/15 (20.0%) of patients had thymoma. The distribution of MGFA classification was as follows: IIa (3/15, 20.0%), IIIa (9/15, 60.0%), and IIIb (3/15, 20.0%). The therapies before EFG included pyridostigmine (15/15, 100%), prednisone (7/15, 46.7%), mycophenolate mofetil (2/15, 13.3%), and tacrolimus (2/15, 13.3%). The comorbidities were documented and listed as follows: hypertension (9/15, 60.0%), stroke (4/15, 26.7%), coronary artery disease (2/15, 13.3%), renal failure (2/15, 13.3%), diabetes (3/15, 20.0%), heart failure (1/15, 6.7%), and atrial fibrillation (1/15, 6.7%).


Table 1 | Basic clinical characteristics and therapies prior to the efgartigimod of the generalized VLOMG cohort.







Clinical response to the first cycle of efgartigimod treatment

All patients received at least one cycle of EFG treatment on schedule (10 mg/kg, 4 consecutive weeks). In this cohort, baseline QMG score was 13.9 ± 3.6 and baseline MG-ADL score was 8.2 ± 2.7. The detailed changes in MG-ADL score trend from baseline to week 5 were presented in Figure 1. The total MG-ADL score of all patients significantly decreased since week 1: -3.7 ± 2.2 by week 1 and -4.9 ± 3.3 by week 5 (both p = 0.001, Figure 2A1). In addition, the mean score changes by week 1 in MG-ADL subdomains were as follows: ocular: -0.8 ± 1.2; limbs: -1.2 ± 1.0; bulbar/respiratory: -1.7 ± 1.6 (all p < 0.05, Figures 2A2–A4). By week 5, the changes in the MG-ADL scores for ocular, limb, and bulbar/respiratory functions were -1.7 ± 1.4, -1.3 ± 1.0, and -1.8 ± 1.9, respectively (all p < 0.01, Figures 2A2–A4). The QMG score was compared between the baseline and week 5. The QMG score was 7.0 (5.0, 10.0) in all patients by week 5 and was significantly lower than at baseline (p = 0.005, Figure 3A1). Besides, the baseline level of IgG was 9.6 ± 2.7 g/L, and it was reduced rapidly by 30.2 ± 9.4% by week 1 (6.7 ± 1.9 g/L) and 49.9 ± 13.5% by week 3 (4.7 ± 1.5 g/L) (Figure 3A2).




Figure 1 | MG-ADL scores for each of the VLOMG patients from baseline to week 5 after efgartigimod. (A) Detailed changes in MG-ADL score for each of the 15 VLOMG patients; (B) Detailed changes in MG-ADL score for each of the 8 VLOMG patients in worse group; (C) Detailed changes in MG-ADL score for each of the 7 VLOMG patients in new-diagnosed group; (D) Detailed changes in MG-ADL score for each of the 5 VLOMG patients in new-diagnosed with mono-Py group MG-ADL, myasthenia gravis-specific activities of daily living; P, patient; Py, pyridostigmine; VLOMG, very-late-onset myasthenia gravis.






Figure 2 | Mean changes in MG-ADL score and MG-ADL subdomains in patients with VLOMG. (A1–A4) Mean changes in MG-ADL score and MG-ADL subdomains in total VLOMG patients; (B1–B4) Mean changes in MG-ADL score and MG-ADL subdomains in worse group; (C1–C4) Mean changes in MG-ADL score and MG-ADL subdomains in new-diagnosed group; (D1–D4) Mean changes in MG-ADL score and MG-ADL subdomains in new-diagnosed with mono-Py group. *p < 0.05, **p < 0.01. MG-ADL, myasthenia gravis-specific activities of daily living; Py, pyridostigmine; VLOMG, very-late-onset myasthenia gravis.






Figure 3 | Changes in QMG score and serum IgG levels in patients with VLOMG. (A1–D1) Comparison of QMG score between baseline and week 5 in VLOMG patients and different subgroups of VLOMG patients; (A2–D2) Mean changes in serum IgG from baseline to week 3 in VLOMG patients and different subgroups of VLOMG patients. **p < 0.01, ***p < 0.001; ns, no significance. IgG, immunoglobulin G; Py, pyridostigmine; QMG, quantitative myasthenia gravis; VLOMG, very-late-onset myasthenia gravis.



We stratified the patients by status after EFG according to MG-ADL score. Clinical meaningful improvement (CMI) was defined as a reduction of ≥2 points in the MG-ADL score from baseline and minimal symptom expression (MSE) was defined as an MG-ADL score of 0 or 1 (21, 24). The proportion of CMI in all patients was 73.3% by week 1 and reached 86.7% by week 5 (Figure 4). In addition, 3/15 (20.0%) of patients rapidly achieved MSE by week 1 and 6/15 (40.0%) of patients achieved MSE by week 5. No patient-reported adverse event, such as infections, reduction of albumin, was reported in this cohort. Furthermore, renal function was assessed in two patients suffering from renal failure, and no adverse reactions were noted either.




Figure 4 | The proportion of VLOMG patients with different post-intervention status. CMI, clinical meaningful improvement; MSE, minimal symptom expression; Py, pyridostigmine; VLOMG, very-late-onset myasthenia gravis.







Efgartigimod in VLOMG patients with different status at admission

Patients were categorized into new-diagnosed group (n = 7) and worse group (n= 8) based on admission status. No significant differences were observed between the two groups regarding gender, age, MGFA classification, thymic status, previous treatments, baseline MG-ADL score, and QMG score, except for disease duration (all p > 0.05, Table 2). The detailed changes in MG-ADL score were shown in Figures 1B, C. The baseline MG-ADL score was 8.2 ± 2.8 in the worse group and the changes in MG-ADL score were -3.9 ± 2.5 by week 1 (p = 0.002, Figure 2B1) and -3.8 ± 3.2 by week 5 (p = 0.014, Figure 2B1) compared with baseline. In the new-diagnosed group, the baseline MG-ADL score was 8.1 ± 2.8, and the changes were -3.6 ± 2.4 by week 1 (p = 0.007, Figure 2C1) and -6.1 ± 3.1 by week 5 (p = 0.002, Figure 2C1). There was no significant difference in weekly changes of MG-ADL scores between the two groups (all p > 0.05, Table 2). The changes in MG-ADL subdomains of those two groups were presented in Figures 2B1–C4. By week 1, changes in MG-ADL scores for ocular, limb, and bulbar/respiratory symptoms were -1.0 ± 1.3 (p = 0.068), -1.1 ± 1.1 (p = 0.037), and -1.8 ± 2.0 (p = 0.055) in the worse group, and -0.6 ± 1.0 (p = 0.172), -1.3 ± 1.0 (p = 0.034), and -1.7 ± 1.1 (p = 0.026) in the new-diagnosed group. By week 5, these changes were -1.5 ± 1.9 (p = 0.003), -1.0 ± 1.2 (p = 0.052), and -1.2 ± 2.1 (p = 0.135) in the worse group, and -2.0 ± 1.9 (p = 0.033), -1.7 ± 0.8 (p = 0.016), and -2.4 ± 1.6 (p = 0.026) in the new-diagnosed group. Additionally, five newly diagnosed patients with a baseline total MG-ADL score of 8.2 ± 2.7 received Py treatment alone before EFG. Changes in MG-ADL scores from baseline to week 5 are shown in Figures 1D and 2D1–D4. Post-treatment, MG-ADL scores decreased by -3.2 ± 2.8 (p = 0.061) at week 1 and further declined by -6.6 ± 3.6 (p = 0.016) at week 5. Analysis by muscle groups revealed the following trends: at week 1, ocular scores decreased by -0.8 ± 1.1 (p = 0.178), limb scores by -1.0 ± 1.0 (p = 0.089), and bulbar/respiratory scores by -1.4 ± 1.1 (p = 0.102). By week 5, ocular scores decreased by -2.4 ± 2.1 (p = 0.061), limb scores by -1.8 ± 0.8 (p = 0.041), and bulbar/respiratory scores by -2.4 ± 2.0 (p = 0.066).


Table 2 | Baseline clinical features and mean changes in MG-ADL scores for two subgroups of VLOMG.



The comparison of QMG scores between baseline and week 5 showed significant reductions in both groups: from 14.4 ± 3.1 to 7.0 ± 2.7 (p < 0.001, Figure 3C1) in the new-diagnosed group, and from 14.2 ± 3.1 to 8.0 ± 2.3 (p < 0.001, Figure 3D1) in the new-diagnosed with mono-Py group. Although the QMG score in the worse group decreased from 13.5 ± 4.1 to 7.0 (5.0, 13.8), this reduction did not reach statistical significance (p = 0.106), which may be attributed to the small sample size. In addition, the levels of serum IgG simultaneously decreased in three subgroups (Figures 3B2–D2).

The CMI rate in the new-diagnosed group (5/7, 71.4%) was slightly lower than that in the worse group (6/8, 75.0%) at week 1. However, by week 5, the CMI rate in the new-diagnosed group increased to 7/7 (100%), surpassing that of the worse group (6/8, 75.0%) (Figure 4). At week 5, the CMI rates were as follows: 3/8 (37.5%) in the worse group, 3/7 (42.8%) in the new-diagnosed group, and 1/5 (20.0%) in the new-diagnosed with mono-Py group (Figure 4).





Sequential therapies after the first cycle of efgartigimod treatment

The therapeutic strategies following five weeks of initial EFG treatment were distributed as follows: 6/15 patients (40.0%) received Py monotherapy; 4/15 patients (26.7%) were administered oral prednisone; 2/15 patients (13.3%) received combined prednisone and tacrolimus; one patient continued EFG treatment at a regular frequency (every two to three weeks); and the remaining two patients, who were non-responders, were transitioned to complement inhibitor. The longer-term follow-up of changes in MG-ADL scores for 13 responded patients were showed in Figure 5. As presented, regardless of subsequent treatment regimens, both the MG-ADL scores at week 10 and at the last visit showed significant reductions compared to baseline.




Figure 5 | Dynamic changes in MG-ADL scores for each of 13 responded VLOMG patients from baseline to the last visit. EFG, Efgartigimod; MG-ADL, myasthenia gravis-specific activities of daily living; Py, pyridostigmine; TAC, tacrolimus; VLOMG, very-late-onset myasthenia gravis.







Clinical profiles of patients with poor response to efgartigimod

In this cohort, 2/15 (13.3%) patients did not achieve CMI in the first cycle of EFG. The detailed clinical profiles of these patients were presented as follows:

Patient 6 was a 69-year-old male with a history of hypertension and two previous MC prior to admission. Following the most recent crisis, the patient had been maintained on long-term oral glucocorticoids, Py, and mycophenolate mofetil. At baseline, his MG-ADL score was 12 points, QMG score was 18 points, and MGFA classification was 3b. Initial improvement was observed on day 7 after EFG, with the MG-ADL score decreasing to 7 points. However, despite receiving 4 consecutive EFG infusions, his clinical condition deteriorated, with a rapid increase in MG-ADL score culminating in a MC on day 55. Following this event, the treatment regimen was switched to complement inhibitors, resulting in gradual clinical improvement. The patient subsequently received maintenance therapy with complement inhibitors every two weeks, during which his MG-ADL score remained stable, fluctuating between 1 and 3 points.

Patient 13 was a 76-year-old woman with multiple comorbidities, including hypertension, renal failure, heart failure, and atrial fibrillation. Her treatment regimen consisted of prednisone (50 mg/day), Py (240 mg/day), and mycophenolate mofetil (1.0 g/day). Prior to EFG treatment, she experienced an MG exacerbation triggered by concurrent pneumonia and acute heart failure. After comprehensive risk-benefit assessment and thorough patient communication, EFG treatment was initiated alongside intensive anti-infective therapy. Although the first cycle of EFG did not result in MG symptom improvement, the patient demonstrated gradual recovery of pulmonary infection and cardiac function, with no infection exacerbation following EFG administration. Subsequently, the treatment regimen was transitioned to complement inhibitors. At the last visit, clinical improvement was evident, with the MG-ADL score reduced to 3 points and prednisone dosage tapered to 30 mg/day.






Discussion

In this study, we have emphatically evaluated the efficacy of EFG in a generalized VLOMG cohort from China. We found that EFG could rapidly improve symptoms of patients with VLOMG, whether the initial status was new-diagnosed or worse. From the perspective of safety, no adverse drug reactions were observed in those patients. Furthermore, since EFG served as a fast-acting treatment for VLOMG with worsening symptoms and as an EFT therapy for new-diagnosed VLOMG, the symptoms of responded patients remained stable regardless of the maintenance treatment employed, including the use of Py alone.

Patients with MG can be categorized into three distinct subgroups based on the age of onset: early-onset MG (EOMG), LOMG, and VLOMG (25). Among the three subgroups, the proportion of VLOMG is the lowest, but this group of patients experiences a higher frequency of MC at the onset and often presents with complex complications, including hypertension, diabetes, osteoporosis, and others (9). However, the opinions on the prognosis of VLOMG were different. Cortés-Vicente and Joy Vijayan reported that VLOMG patients often had good long-term prognosis, but a cross-sectional study from China reported that elderly patients exhibited a poor prognosis and experienced a higher incidence of deaths associated with MG (3, 7, 26). Thus, personalized and fast-acting treatment at the onset of disease are very important for those patients. The usage of steroids may be limited in VLOMG patients. Among non-steroid immunosuppressants, tacrolimus was reported to be an effective and safe treatment in VLOMG, and it could be used as an initial and maintenance treatment for VLOMG (25). However, it still existed risk of hyperglycaemia, liver and renal dysfunction.

In recent years, the explosively emergence of novel biologic agents, including B-cell targeted monoclonal immunoglobulin, FcRn inhibitors, and complement inhibitors changed the treatment strategy for MG and provided more faster, more effective, and less adverse effects choices for patients with MG (20, 27, 28). EFG is an engineered human IgG1 Fc fragment designed to inhibit FcRn function, thereby decreasing the circulation of IgG and hastening its degradation (15). The phase 3 trail and its open-label extension study, as well as post-hoc analysis showed the fact efficacy and safety of EFG in gMG patients (15, 29–32). Thus, EFG is the first FcRn inhibitor approved for anti-AChR antibody-positive gMG in China. Recently, the first multi-center study real-world study in China was reported (24). This study enrolled more thymoma-associated patients compared with the ADAPT trial and evaluated the effectiveness of EFG in different subgroups of MG according to initial status at admission (24). However, no study focuses on the clinical application of EFG in different age onset groups so far. Thus, our study firstly evaluated the efficacy of EFG in patients with VLOMG. In comparison with the patients in the ADAPT trial, the MG-ADL score (8.2 ± 2.7) and QMG score (13.9 ± 3.6) in our cohort were slightly lower. The proportion of MG-ADL responders (defined as a reduction of MG-ADL score ≥2 points, sustained for at least 4 consecutive weeks) in AChR-gMG cohort from the ADAPT trial was 44/65 (67.7%) (15). Although our study did not use this definition due to our patients started the sequential treatment after week 5 to smoothly control symptoms, 11/15 (73.3%) of patients with VLOMG achieved CMI by week 1 and the CMI rate increased to 13/15 (83.3%) by week 5. The results suggesting a better efficacy of EFG in patients with VLOMG. The proportion of MSE in our cohort (6/15, 40.0%) was similar with those in the ADAPT trial (26/65, 40.0%) (15). Besides, the proportion of CMI and MSE were higher in new-diagnosed group, suggesting EFG to be a fast and effective therapy in those patients. In addition, consistent with the post hoc analyses of the phase 3 pivotal ADAPT study, our results also verified that the clinical improvements in MG-ADL total scores resulted from improvements across all subdomains (31). We found that MG-ADL scores were significantly and synchronously reduced in the ocular, limbs, and bulbar/respiratory in all patients. Although not all MG-ADL subdomains score changes were statistically significant when we analyzed different subgroups of patients, the absolute value of MG-ADL score showed a significant downward trend. It may be due to the small sample size. Thus, further studies involving larger cohorts are necessary. Additionally, two patients in this study exhibited a poor response to EFG. The reasons for this were multifaceted. Firstly, patient 6 experienced two crises, and patient 13 suffered from an infection and heart failure prior to EFG, making both patients’ disease states relatively more complex. Moreover, both patients were successfully treated with complement inhibitors in the end. This suggests that the activation of the complement system may play a more significant role in the development of disease in patients who do not respond well to EFG. However, this necessitates further in-depth research.

As we mentioned, patients with VLOMG have a high risk of myasthenic crisis at onset, so EFT was crucial for this special subgroup. The concept of EFT was initially reported in 2017. The study indicated that achieving MM or better with prednisolone ≤5 mg/day occurred more frequently and earlier in the EFT group compared to the non-EFT group (11). A more extensive study also indicated that EFT was effective for various types of MG, and the incorporation of IVMP led to earlier and more frequent attainment of MM status with prednisolone doses of ≤5 mg/day (12). However, those studies did not concentrate on the effectiveness of varying age groups at onset. Besides, the EFT strategies in these two studies were PLEX, IVIg, and IVMP, which are commonly restricted in their application to the elderly population due to the complexity of adverse drug reactions. Thus, our study tried to explore the usage of EFG as an EFT in new-diagnosed VLOMG patients. Our study included seven new-diagnosed patients with VLOMG, revealing that 7/7 (100%) attained CMI within five weeks following the initiation of EFG. Though two patients (patient 1 and patient 12) were simultaneously treated with steroids or combined with tacrolimus, but generally we think that oral low doses of steroid and tacrolimus have an effect time of longer than 2 weeks. In addition, in new-diagnosed patients with mono-Py, 1/5 (20.0%) of patients reached MSE and 5/5 (100.0%) patients reached CMI by week 5. These results highlighted that EFG could rapidly and effectively improve the symptoms of new-diagnosed VLOMG. Additionally, their condition remained stable during long-term follow-up after a single cycle of EFG, with no exacerbation noted. Therefore, the rapid reduction of disease activity in VLOMG patients with EFG at the early stage of the disease could more stably control the symptoms. This use is similar to rescue therapies, such as PLEX and IVIg. Furthermore, no patient-reported adverse events were reported in our study. However, since the adverse events were collected through interviews and self-reported by patients, there may be a possibility of underreporting of adverse events in this study. Some adverse events, such as headaches and nausea, were easily ignored according to patients’ reports. But in general, we deemed that EFG had the potential to serve as an effective and safe early fast-acting treatment option for patients with VLOMG according to our results.

This study has several limitations. Firstly, the follow-up period was short, and the number of patients who received multiple cycles of EFG was limited. Therefore, a well-designed prospective study with a long-term follow-up is needed to further demonstrate the value of EFG in patients with VLOMG. Besides, this is a single-center retrospective study with a small sample size. More multi-center studies and randomized controlled trial were needed to confirm our findings. Finally, patients were not examined for leukocyte, triglyceride or cholesterol in this study and more rigorous monitoring of adverse effects is needed.





Conclusion

This study provided the efficacy and safety of efgartigimod in a Chinese single-center VLOMG cohort. Furthermore, this study suggests the potential of efgartigimod as a choice of early fast-acting treatment in VLOMG patients. With the continuous emergence of biological targeting agents, further prospective randomized controlled studies and longer follow-up periods are needed to examine our findings.





Data availability statement

The original contributions presented in the study are included in the article/supplementary material. Further inquiries can be directed to the corresponding authors.





Ethics statement

The studies involving humans were approved by Ethics Committee of the Affiliated Hospital of Xuzhou Medical University. The studies were conducted in accordance with the local legislation and institutional requirements. The ethics committee/institutional review board waived the requirement of written informed consent for participation from the participants or the participants’ legal guardians/next of kin because this was a retrospective study, and does not contain any individual or identifying information.





Author contributions

ZZ: Conceptualization, Formal analysis, Funding acquisition, Methodology, Software, Writing – original draft, Writing – review & editing. MY: Data curation, Formal analysis, Investigation, Methodology, Writing – review & editing. XG: Data curation, Investigation, Visualization, Writing – review & editing. TM: Investigation, Writing – review & editing. ZW: Investigation, Writing – review & editing. TL: Writing – review & editing. DP: Investigation, Writing – review & editing. XD: Investigation, Writing – review & editing. XH: Conceptualization, Project administration, Supervision, Validation, Writing – review & editing. YZ: Conceptualization, Funding acquisition, Project administration, Writing – review & editing.





Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This work was supported by the Medical Research Project of Jiangsu Provincial Health Commission (M2022118), the Natural Science Foundation of Jiangsu Province (BK20231158), the Youth Medical Science and Technology Innovation Project of Xuzhou Municipal Health Commission (XWKYHT20240110), and the Hospital-level Scientific Research Project of the Affiliated Hospital of Xuzhou Medical University (2024ZL30).




Acknowledgments

We thank the patients and relatives for their collaboration.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





References

1. Gilhus, NE, Tzartos, S, Evoli, A, Palace, J, Burns, TM, and Verschuuren, JJGM. Myasthenia gravis. Nat Rev Dis Primers. (2019) 5(1):30. doi: 10.1038/s41572-019-0079-y

2. Gilhus, NE, and Verschuuren, JJ. Myasthenia gravis: subgroup classification and therapeutic strategies. Lancet Neurol. (2015) 14:1023–36. doi: 10.1016/S1474-4422(15)00145-3

3. Tang, YL, Ruan, Z, Su, Y, Guo, RJ, Gao, T, Liu, Y, et al. Clinical characteristics and prognosis of very late-onset myasthenia gravis in China. Neuromuscul Disord. (2023) 33(4):358–66. doi: 10.1016/j.nmd.2023.02.013

4. Evoli, A, Batocchi, AP, Minisci, C, Di Schino, C, and Tonali, P. Clinical characteristics and prognosis of myasthenia gravis in older people. J Am Geriatr Soc. (2000) 48(11):1442–8. doi: 10.1111/j.1532-5415.2000.tb02635.x

5. Yildiz Celik, S, Durmus, H, Yilmaz, V, Saruhan Direskeneli, G, Gulsen Parman, Y, Serdaroglu Oflazer, P, et al. Late-onset generalized myasthenia gravis: clinical features, treatment, and outcome. Acta Neurol Belg. (2020) 120(1):133–40. doi: 10.1007/s13760-019-01252-x

6. Barnett, C, and Bril, V. New insights into very-late-onset myasthenia gravis. Nat Rev Neurol. (2020) 16:299–300. doi: 10.1038/s41582-020-0345-3

7. Cortés-Vicente, E, Álvarez-Velasco, R, Segovia, S, Paradas, C, Casasnovas, C, Guerrero-Sola, A, et al. Clinical and therapeutic features of myasthenia gravis in adults based on age at onset. Neurology. (2020) 94(11):e1171–80. doi: 10.1212/WNL.0000000000008903

8. Xie, N, Liu, Q, Wen, Q, Wang, Y, Liu, H, Jiang, Y, et al. Short-term and long-term prognoses in AChR-Ab positive very-late-onset myasthenia gravis patients. Ther Adv Neurol Disord. (2025) 18:17562864241309793. doi: 10.1177/17562864241309793

9. Di Stefano, V, Iacono, S, Militello, M, Leone, O, Rispoli, MG, Ferri, L, et al. Comorbidity in myasthenia gravis: multicentric, hospital-based, and controlled study of 178 Italian patients. Neurol Sci. (2024) 45(7):3481–94. doi: 10.1007/s10072-024-07368-0

10. Sun, C, Ren, Z, Miao, X, Zheng, Y, Zhang, J, Qi, X, et al. Clinical characteristics of late-onset myasthenia gravis. Heliyon. (2024) 10(7):e28893. doi: 10.1016/j.heliyon.2024.e28893

11. Utsugisawa, K, Nagane, Y, Akaishi, T, Suzuki, Y, Imai, T, Tsuda, E, et al. Early fast-acting treatment strategy against generalized myasthenia gravis. Muscle Nerve. (2017) 55(6):794–801. doi: 10.1002/mus.25397

12. Uzawa, A, Suzuki, S, Kuwabara, S, Akamine, H, Onishi, Y, Yasuda, M, et al. Effectiveness of early cycles of fast-acting treatment in generalised myasthenia gravis. J Neurol Neurosurg Psychiatry. (2023) 94(6):467–73. doi: 10.1136/jnnp-2022-330519

13. Caress, JB, Kennedy, BL, and Eickman, KD. Safety of intravenous immunoglobulin treatment. Expert Opin Drug Saf. (2010) 9:971–9. doi: 10.1517/14740338.2010.484419

14. Tran, M-H. Plasma exchange in a bottle": An overview of efgartigimod for apheresis practitioners. J Clin Apher. (2022) 37:512–5. doi: 10.1002/jca.22002

15. Howard, JF, Bril, V, Vu, T, Karam, C, Peric, S, Margania, T, et al. Safety, efficacy, and tolerability of efgartigimod in patients with generalised myasthenia gravis (ADAPT): a multicentre, randomised, placebo-controlled, phase 3 trial. Lancet Neurol. (2021) 20(7):526–36. doi: 10.1016/S1474-4422(21)00159-9

16. Ohara, H, Kikutsuji, N, Iguchi, N, and Kinoshita, M. Efgartigimod combined with steroids as a fast-acting therapy for myasthenic crisis: a case report. BMC Neurol. (2024) 24(1):292. doi: 10.1186/s12883-024-03804-y

17. Hong, Y, Gao, L, Huang, SQ, Liu, S, Feng, S, Chen, YB, et al. Efgartigimod as a fast-acting add-on therapy in manifest and impending myasthenic crisis: A single-center case series. J Neuroimmunol. (2024) 395:578431. doi: 10.1016/j.jneuroim.2024.578431

18. Song, J, Wang, H, Huan, X, Jiang, Q, Wu, Z, Yan, C, et al. Efgartigimod as a promising add-on therapy for myasthenic crisis: a prospective case series. Front Immunol. (2024) 15:1418503. doi: 10.3389/fimmu.2024.1418503

19. Sun, F, Batra, A, Dickson, D, Li, Y, and Wu, EL. Efgartigimod infusion in the treatment regimen for myasthenic crisis: A case report. Muscle Nerve. (2024) 70(2):290–2. doi: 10.1002/mus.28178

20. Blair, HA. Efgartigimod: A review in generalised myasthenia gravis. Drugs. (2024) 84:1463–74. doi: 10.1007/s40265-024-02101-9

21. Muppidi, S, Silvestri, NJ, Tan, R, Riggs, K, Leighton, T, and Phillips, GA. Utilization of MG-ADL in myasthenia gravis clinical research and care. Muscle Nerve. (2022) 65(6):630–9. doi: 10.1002/mus.27476

22. Nelke, C, Stascheit, F, Eckert, C, Pawlitzki, M, Schroeter, CB, Huntemann, N, et al. Independent risk factors for myasthenic crisis and disease exacerbation in a retrospective cohort of myasthenia gravis patients. J Neuroinflammation. (2022) 19(1):89. doi: 10.1186/s12974-022-02448-4

23. Duan, W, Zhou, H, Dong, X, Li, B, Li, Y, Cai, H, et al. Application of lymphoplasmapheresis in the treatment of severe myasthenia gravis. Front Neurol. (2022) 13:1018509. doi: 10.3389/fneur.2022.1018509

24. Luo, S, Jiang, Q, Zeng, W, Wang, Q, Zou, Z, Yu, Y, et al. Efgartigimod for generalized myasthenia gravis: A multicenter real-world cohort study in China. Ann Clin Transl Neurol. (2024) 11(8):2212–21. doi: 10.1002/acn3.52142

25. Zheng, Y, Yuan, X, Zhang, C, Liu, R, Jin, H, Hao, H, et al. Efficacy and safety of tacrolimus therapy for a single chinese cohort with very-late-onset myasthenia gravis. Front Neurol. (2022) 13:843523. doi: 10.3389/fneur.2022.843523

26. Vijayan, J, Menon, D, Barnett, C, Katzberg, H, Lovblom, LE, and Bril, V. Clinical profile and impact of comorbidities in patients with very-late-onset myasthenia gravis. Muscle Nerve. (2021) 64(4):462–6. doi: 10.1002/mus.27369

27. Iorio, R. Myasthenia gravis: the changing treatment landscape in the era of molecular therapies. Nat Rev Neurol. (2024) 20:84–98. doi: 10.1038/s41582-023-00916-w

28. Kaminski, HJ, Sikorski, P, Coronel, SI, and Kusner, LL. Myasthenia gravis: the future is here. J Clin Invest. (2024) 134(12):e179742. doi: 10.1172/JCI179742

29. Howard, JF Jr., Bril, V, Vu, T, Karam, C, Peric, S, De Bleecker, JL, et al. Long-term safety, tolerability, and efficacy of efgartigimod (ADAPT+): interim results from a phase 3 open-label extension study in participants with generalized myasthenia gravis. Front Neurol. (2023) 14:1284444. doi: 10.3389/fneur.2023.1284444

30. Saccà, F, Barnett, C, Vu, T, Peric, S, Phillips, GA, Zhao, S, et al. Efgartigimod improved health-related quality of life in generalized myasthenia gravis: results from a randomized, double-blind, placebo-controlled, phase 3 study (ADAPT). J Neurol. (2023) 270:2096–105. doi: 10.1007/s00415-022-11517-w

31. Bril, V, Howard, JF Jr., Karam, C, De Bleecker, JL, Murai, H, Utsugisawa, K, et al. Effect of efgartigimod on muscle group subdomains in participants with generalized myasthenia gravis: post hoc analyses of the phase 3 pivotal ADAPT study. Eur J Neurol. (2024) 31:e16098. doi: 10.1111/ene.16098

32. Dewilde, S, Griffiths, A, Qi, CZ, Phillips, G, Gelinas, D, Brauer, E, et al. Post-hoc analyses from the ADAPT clinical study demonstrate aggregate sustained benefit of Efgartigimod in generalized myasthenia gravis. J Neurol Sci. (2024) 466:123264. doi: 10.1016/j.jns.2024.123264




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2025 Zhang, Yang, Guo, Ma, Wang, Luo, Peng, Du, Huang and Zhang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fimmu-16-1579859-g001.jpg
MG-ADL score

@

MG-ADL score
o N N » o] o

—

o N A O ® O

RN
SN

-
N

—_

BL

Total

New-diagnosed

Weeks

VIG-ADL Irend

—=-P1
-=-P2
—-=-P3
—=-P4
-=-P5
——P6
—=-P7
=P8
—=-P9
—=-P10
-=P11
P12
——P13
-=-P14
-a-P15

—=-P1
P4
—--P7
P11
—=-P12
—=-P14
-=-P15

B

- =& A A
N A~ O

MG-ADL score
o N A O ® O

12

10

MG-ADL score

BL

BL

Worse

Weeks

New-diagnosed with mono-Py

Weeks

P2
—--P3
—=-P5
——P6
=P8
P9
—=-P10
——P13

-=-P4
-a-P7

-=-P11
-8-P14
-8-P15





OEBPS/Images/fimmu-16-1579859-g004.jpg
Percentage (%)

100

~
@)

Ol
o

N
@)

40.0

73.3

86.7

75.075.0

20 020 0
125

Ke 96 52
@O <§o 0(\0
& S
S
< e
)
O
S
&’b
&/

80.0

0 001

MSE% by week 1
MSE% by week 5
CMI% by week 1
CMI% by week 5





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Efgartigimod as a fast-acting treatment in generalized very-late-onset myasthenia gravis

      

        		

          Objective

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            Study population

          



          		

            Data collection

          



          		

            Statistical analysis

          



        



        



        		

          Results

        

          		

            Baseline characteristic of study population

          



          		

            Clinical response to the first cycle of efgartigimod treatment

          



          		

            Efgartigimod in VLOMG patients with different status at admission

          



          		

            Sequential therapies after the first cycle of efgartigimod treatment

          



          		

            Clinical profiles of patients with poor response to efgartigimod

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Generative AI statement

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
New-diagnosed 7) Worse 8) t/z/x? P value
Female, n (%) 3 (428) 5(62.5) 0.582 0619
Age, years (SD) 754 7.6 726+ 38 0879 0403
Duration, months 20 (1.0, 6.0) 265 (12.0, 46.2) 2906 0.002
MGFA classification, ILIII, n 1:6 2:6 0.273 1.000
Thymoma, n (%) 2(285) 1(12.5) 0.608 0.569

Previous therapies

Pyridostigmine, n (%) 7 (100.0) 8 (100.0) - -

Prednisone, n (%) 2 (28.6) 5 (62.5) 1.761 0.315
Any NSIST, n (%) 1(14.3) 3(37.5) 1.071 0.569
QMG score (SD) 144 + 3.1 135+ 4.1 0485 0.636
MG-ADL (SD) 8.1+28 82+28 0.074 0.942

Changes in MG-ADL

Week 1 -3.6+24 =3.9.%2.2 0.255 0.802
Week 2 5.3+ 3.1 -38+23 -1.087 0.297
Week 3 -6.0 £32 -4.1+26 -1.241 0.237
Week 4 -6.4 % 3.0 -38+29 -1.754 0.103
Week 5 -6.1%3.1 -38+3.2 -1.460 0.168

MG-ADL, myasthenia gravis-specific activities of daily living; MG, myasthenia gravis; NISIST, non-steroidal immunosuppressive therapy; VLOMG, very-late-onset myasthenia gravis.
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Patient No. Age, years Duration,  Antibody Comorbidities Previous Disease ~MGFA

months therapies  state classification

1 ¥ 69 1 AChR Y None. Py, P, TAC New £ 5 12 61

2 M 75 49 AChR N Hypertension, renal failure Py.P Worse 3 5 14 63

3 ] 76 12 AChR N Hypertension Py, P Worse E 9 19 53

4 M 68 4 AChR Y None. Py New £ 6 15 52

5 ¥ 66 8 AChR Y Hypertension Py Worse 3 9 9 53

6 Mo e 38 AChR N Hypertension PR P.MMF  Worse 3b 12 18 48

7 ¥ 86 2 ACBR N Coronary artery disease Py New £ 6 17 I

8 M 76 8 AChR N Hypertension, stroke Py Worse 2 6 10 46

9 ¥ 70 55 AChR N Hypertension, diabetes, Py Worse 2 5 8 35
coronary artery

10 ¥ 73 3 AChR N Hypertension, diabetes, stroke, Py, P, TAC Worse 3 2 14 32
Parkinson’s disease

1 M 67 3 AChR N None. Py New 2 7 1 27

12 M8 1 AChR N Ischemic stroke Py P New 3b 2 18 2

13 F 76 2 AChR N Hypertension, renal failure, heart Py, P, MMF  Worse 3 8 16 21
failure, atrial fibrillation

14 M7 1 AChR N Hypertension Py New 3b 10 16 16

15 ¥ 76 6 AChR N Hypertension, diabetes Py New 3 9 9 15

AChR, acetylcholine receptor; EFG, Efgartigimod; MG-ADL, myasthenia gravis-specific act
TAC, tacrolimus; VLOMG, very-late-onset myasthenia gravis.

s of daily living: MGFA, Myasthenia Gravis Foundation of America; MME, mycophenolate mofetil; P, prednisone; Py, pyridostigmine; QMG, quantitative myasthenia gravis;
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