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Abstract: Myasthenia gravis (MG] is an autoimmune disorder characterized by fluctuating
muscle weakness. Severe patients may develop life-threatening respiratory failure and
experience crisis. Plasma exchange or intravenous immunoglobulin (IVIg) is the first-line
treatment option for myasthenia crisis, but some patients still poorly respond to them. Here,
we first reported a generalized MG patient from China who was in a state of impending
myasthenic crisis and did not respond effectively to IVlg but was successfully rescued by add-
on efgartigimod. Especially, we also detected meaningful changes in T-cell and B-cell subsets

after efgartigimod, promoting a potential role of efgartigimod in re-establishing immune

homeostasis.
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Myasthenia gravis (MQG) is an acquired autoim-
mune disorder caused by antibodies targeting the
neuromuscular junction, leading to fluctuating
muscle weakness.! The antibodies targeting ace-
tylcholine receptor (AChR) were commonly
detected in most MG patients.! The current ther-
apeutic regime for MG includes cholinesterase
inhibitors, immunosuppressive drugs, thymec-
tomy, or plasma exchange (PLEX), and intrave-
nous immunoglobulin (IVIg).1:2 Severe patients
develop impending myasthenic crisis (MC) or
MUC may experience a life-threatening rapid dete-
rioration which presents with ventilatory and bul-
bar dysfunction.?> Thus, it is very important to
improve the patient’s symptoms rapidly during
the state of impending MC.

Efgartigimod, an Fc-fragment of human IgGl
antibody, is a natural ligand of neonatal Fc recep-
tor (FcRn) and has a significantly higher affinity
for FcRn compared with endogenous immuno-
globulin G (IgG).* Efgartigimod competes with
endogenous IgG binding to FcRn, thereby short-
ening the half-life of IgG and depleting
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pathogenic antibodies.* Due to the safety and
efficacy of efgartigimod in the phase II and III tri-
als in MG patients, it was approved by China’s
National Medical Products Administration in
June 2023. Herein, for the first time to our knowl-
edge, we report a generalized MG (gMGQG) patient
from China who was in a state of impending MC
and did not respond effectively to IVIg, was suc-
cessfully rescued by add-on efgartigimod.

The patient was a 35-year-old Chinese woman
with initial symptoms of fluctuating left ptosis and
slight dysarthria in mid-June 2023. Then she went
to the local hospital for consultation and the chest
computed tomography showed an anterior medi-
astinum mass. Based on the positive result of
anti-AChR antibody (12.04nmol/L, tested via
radioimmunoassay, reference value <0.5nmol/L),
she was diagnosed as MG and initially treated with
pyridostigmine (180mg daily). Then she under-
went thymectomy (histopathological diagnosis was
thymoma, WHO B2 type) on June 30 and received
adjuvant radiotherapy in the next 4weeks.
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However, she gradually developed bilateral ptosis,
diplopia, and weakness in swallowing, chewing,
limbs, and neck from August 2023. Failed to be
treated with pyridostigmine (360mg daily) and
prednisone (gradually increased from 15 to 35mg
daily), she was admitted to our hospital.

The patient was tested with a quantitative MG
(QMG) score of 26 points and MG-specific activ-
ities of daily living scale (MG-ADL) score of 15
points (Myasthenia Gravis Foundation of
America IVb, MGFA IVb) at admission. Her
weakness of limbs and cervical muscle further
worsened on the second day of hospitalization.
She was promptly treated with IVIg (400 mg/kg
daily, total 5days), methylprednisolone (80mg
daily), and tacrolimus (3mg daily), along with
pyridostigmine (240 mg daily). No positive effects
were observed, she developed dyspnea on 1
September, and she was treated with noninvasive
ventilation (NIV). In addition, on 5 September,
her bulbar symptoms further worsened, and she
was unable to swallow, so a gastric tube was
placed for feeding. The patient reached a ‘worse’
status after IVIg, methylprednisolone, as well as
tacrolimus according to MGFA post-intervention
status (MGFA-PIS). After communication, she
was then treated with initial efgartigimod (400 mg
weekly, total 4weeks) on 7 September (QMG
score was 27 points, and MG-ADL score was 19
points). Four days later, the weakness of swallow-
ing and ptosis were first to improve, and she
achieved clinically meaningful improvement
(defined as MG-ADL score reduction of =2
points): MG-ADL reduced to 16 points.
Symptoms improved further, and the MG-ADL
score for the part of the limbs was reduced to 0
points on 24 September (18days after initial
treatment). She reached a mild subjective clinical
manifestation with an MG-ADL score of 3 points
from 29 September to 19 October, but her QMG
score still fluctuated between 13 and 14 points.
Her symptoms slightly worsened again on 20
October (MG-ADL score was 6 points and QMG
score was 14 points). Importantly, though she
was not treated with another cycle of efgartigi-
mod, her MG-ADL score was stable from 4 to 6
points with prednisone (30mg daily), tacrolimus
(3mg daily), and pyridostigmine (180mg daily)
after 3 months of initial efgartigimod. The treat-
ment regimens after admission to our hospital
and the changes in QMG score, MG-ADL score,
and MG-ADL score in different muscle groups
were presented in Figure 1.
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The changes of laboratory examinations includ-
ing total T cells (defined as CD45 + CD3+ cells),
CD4+ T cells (defined as CD45 + CD3 + CD4+
cells), CD8+ T cells (defined as CD45 + CD3 +
CD8+ cells), regulatory T cells (Treg) (defined
as CD45 + CD3 + CD4 + CD25 + CD127 low
cells), CD19+ B cells (defined as CD45 +
CD3-CD19+ cells), memory B cells (defined as
CD45 + CD19 + CD27 + CD38~- cells), plasma-
blasts (defined as CD45+ CD19+ CD27 +
CD38+ cells), plasma cells (defined as CD45 +
CD19 + CD27+CD38+ CD138+ cells), and
serum IgG, IgA, and IgM were summarized in
Figures 1(c) and 2. Frequency of T-cell and
B-cell subsets was measured by flow cytometry,
and serum concentrations of IgG, IgA, and IgM
were measured by immunonephelometry. The
patient’s level of IgG decreased rapidly after being
treated with efgartigimod in the first 3 weeks and
increased again after the seventh week, which was
correlated with the severity of the disease [Figure
1(c)]. Remarkably, we detected a gradual decrease
in the total T cells and CD4+ T cells from the
second week [Figure 2(a) and (b)]. Besides, the
frequency of Treg cells increased in the initial
period of rapid improvement, and then decreased
with symptoms rebounding, while Treg cells
increased again on 6 December [Figure 2(d)].
Gradual decrease of CD19+ B cells from the first
week after being treated with efgartigimod was
detected in this patient, while CD19+ B cells
increased 69 days after the last injection [Figure
2(e)]. Frequency of plasma cells, plasmablasts,
and memory B cells fluctuated throughout the
course, but on 1 November and 6 December,
plasma cells and plasmablasts were still signifi-
cantly lower than baseline [Figure 2(f)—(h)].

In recent years, new therapies targeting different
pathogenetic process of MG has constantly
emerged. Among them, the more downstream
but more direct target of treatment is the deple-
tion of antibodies. Traditionally, depleting anti-
bodies by PLEX and IVIg was effective in MG.?
However, PLEX was limited by availability and
comorbidities, and nearly 30% of MG patients
poorly responded to IVIg.5:¢ FcRn is a major his-
tocompatibility complex class I-like molecular
that specifically recycles and extends the half-life
of circulation IgG, including pathogenic antibod-
ies in autoimmune diseases like MG.* FCGRT
gene encodes FcRn and has five different alleles
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(a) The therapeutic timeline of the patient and changes of clinical severity of MG in the patient,
assessed through QMG score and MG-ADL score (the red arrows represent the day of efgartigimod). (b)
Changes of MG-ADL subdomains in the patient, assessed through QMG score and MG-ADL score (the green
arrow represents the day of IVIg and the red arrows represent the day of efgartigimod). (c) The changes of

serum IgG, IgM, and IgA levels in the patient.
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lg, immunoglobulin; IVlg, intravenous immunoglobulin; MG-ADL, myasthenia gravis-specific activities of daily living scale;

MP, methylprednisolone; NIV, noninvasive ventilation; QMG, quantitative myasthenia gravis score; TAC, tacrolimus.
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(a-d) The changes of frequency of T-cell subsets in the patient. (e-h) The changes of frequency of

B-cell subsets in the patient.

with a variable number of tandem repeat (VNTR)
polymorphisms, from VNTR1 to VNTRS5, affect-
ing the expression of FcRn mRNA and protein.b
Competing with endogenous IgG for FcRn is an
important mechanism of IVIg, but the efficacy of
IVIg were influenced by VNTR polymorphisms.6

Recently, Su er al.’ found that MG patients with
VNTR2/3 genotype expressed lower endogenous
IgG and responded poorly to IVIg compared with
patients with VN'TR3/3 genotype. Dalakas and
Spaeth® suggested that the efficacy of IgG biolog-
ics including IVIg varies due to the potential for
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protective pathogenic antibody effects in hete-
rozygous VNTR2/3 individuals. Generally, since
VNTR genotype affects both endogenous and
infused IgG, as well as potential influence on
pathogenic antibodies, it may explain the hetero-
geneity of therapeutic effect of IVIg to some
extent. Further VNTR polymorphisms detection
is expected to guide the administration of IVIg.

Efgartigimod is a novel FcRn inhibitor and was
known as PLEX in a glass bottle. Rapid onset is
one of the advantages of efgartigimod in treating
gMG; however, very few studies have explored
whether it can be used as an effective rescue treat-
ment. Recently, a study by Watanabe ez al.”
showed that a late-onset MG patient from Japan
who suffered from a severe MC did poorly in
response to both PLEX and IVIg and was rescued
by add-on efgartigimod. However, there were dif-
ferences between their case and ours. Firstly, the
MG patient in their report underwent increased
dyspnea after efgartigimod, and the weakness of
limbs was first to improve 18 days after infusion of
efgartigimod. Besides, significant improvement
occurred after the second cycle of efgartigimod,
another infusion of IVIg, and a cycle of large-dos-
age intravenous methylprednisolone. However,
our patient’s symptoms improved as early as
4 days after efgartigimod treatment and presented
persistent improvement, with remaining mild
symptoms (MG-ADL score was 5 points, MGFA
classification was IIb, and MGFA-PIS was
‘improved’). Bulbar muscle weakness was the
first to improve in our case. So, our patient’s
symptoms improved more rapidly. Furthermore,
our patient only accepted one cycle of efgartigi-
mod and achieved significant improvement.
Overall, both two cases suggested that efgartigi-
mod may be a rescue therapy in MG patients. But
it indicated that early applications, that is, using it
in the pre-crisis state is more effective than using
it during the crisis phase.

In addition, we detected a gradual decline in the
frequency of CD19+ B cells and CD4+ T cells.
Plasma cells and plasmablasts also decreased after
treatment in our case. The frequency of Treg
cells, which participate in suppressing the activa-
tion and proliferation of autoreactive cells and
play an important role in immune homeostasis,
was detected to increase after treatment. In the
phase II study of efgartigimod in pemphigus vul-
garis and foliaceus, total CD19+ B cells also
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revealed declining but no changes in CD4+ T
cells.® Although not statistically significant, Treg
cells in their study increased at the end of efgar-
tigimod treatment.® Research has demonstrated
that FcRn could mediate antigen presentation
and activate T cell immunity, but whether treat-
ment target FcRn affects autoreactive T cells and
pathological B cells remains further investigated.®
The changes of T cells and B cells in our case sug-
gest that efgartigimod may have a role in re-estab-
lishing immune homeostasis in MG, except for
rapid depletion of antibodies.

It is worth noting that as the improvement of the
patient’s condition is still within the duration of
IVIg and other treatments, including methyl-
prednisolone and tacrolimus, it is indeed difficult
to interpret it as the effect of taking efgartigimod
alone. However, our patient received oral pred-
nisone treatment for nearly 1month before
admission, which failed to prevent disease pro-
gression and she worsened again 10days after
infusion of IVIg and methylprednisolone in our
center. Therefore, considering that most patients
gain benefits from IVIg within 4-5 days and glu-
cocorticoid often has an effect within 2—4 weeks
in 75% of patient,!%!! we believe that the rapid
therapeutic effect of efgartigimod was an impor-
tant reason for the significant improvement in
this case.

In summary, the rapid effect of efgartigimod
observed in our patient was better to be an ‘add-
on’ effect to other conventional therapies. In
addition, it is only a single-center case report, and
a larger cohort of patients was needed to further
explore the application of efgartigimod in impend-
ing MC and underlying mechanisms of efgartigi-
mod in immune homeostasis.

Ethical approval to report this case was obtained
from the Ethics Committee of Affiliated Hospital
of Xuzhou Medical University (XYFY2023-
KL471-01) and it complied with the Declaration
of Helsinki.

The patient has provided a written informed con-
sent for publication of this article.


https://journals.sagepub.com/home/tan

THERAPEUTIC ADVANCES in
Neurological Disorders

Visit Sage journals online
journals.sagepub.com/
home/tan

SSage journals

Zhouao Zhang: Data curation; Formal analysis;
Visualization; Writing — original draft.

Mingjin Yang: Data curation; Formal analysis;
Investigation; Methodology.

Tiancheng Luo: Data curation; Formal analysis;
Investigation; Methodology; Software.

Xue Du: Data curation; Methodology;
Visualization.

Zhouyi Wang: Investigation; Methodologys;
Software.

Xiaoyu Huang: Conceptualization; Visuali-
zation; Writing — review & editing.

Yong Zhang: Conceptualization; Funding

acquisition; Supervision; Writing — review &
editing.

We thank the patient for consenting to the publi-
cation of this case report.

The authors disclosed receipt of the following
financial support for the research, authorship,
and/or publication of this article: This work was
supported by The Open Project of Key Laboratory
of Colleges and Universities in Jiangsu Province
(XZSYSKF2021041), Medical research project
of Jiangsu Provincial Health Commission
(M2022118), Postgraduate Research and
Practice Innovation Program of Jiangsu Province
(SJCX23_1393), The Natural Science
Foundation of Jiangsu Province (BK20231158).

The authors declare that there is no conflict of
interest.

The data that support the findings of this study
are available from the corresponding author upon
reasonable request.

Zhouao Zhang https://orcid.org/0009-

0000-6253-6167

Mingjin  Yang https://orcid.org/0009-
0006-2208-4876

Xue Du https://orcid.org/0009-0006-
1522-1094

Yong

Volume 17

Zhang https://orcid.org/0000-

0002-0993-6994

10.

11.

. Gilhus NE, Tzartos S, Evoli A, et al. Myasthenia

gravis. Nar Rev Dis Primers 2019; 5: 30.

Barth D, Nabavi Nouri M, Ng E, ez al. Comparison
of IVIg and PLEX in patients with myasthenia
gravis. Neurology 2011; 76: 2017-2023.

Sanders DB, Wolfe GI, Benatar M, et al.
International consensus guidance for
management of myasthenia gravis: executive
summary. Neurology 20165 87: 419-425.

Howard JF, Bril V, Vu 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 20215 20: 526-536.

. Su§, Liu Q, Zhang X, et al. VNTR2/VNTR3

genotype in the FCGRT gene is associated
with reduced effectiveness of intravenous
immunoglobulin in patients with myasthenia
gravis. Ther Adv Neurol Disord 20215 14:
1756286420986747.

Dalakas MC and Spaeth PJ. The importance
of FcRn in neuro-immunotherapies: from IgG
catabolism, FCGRT gene polymorphisms,
IVIg dosing and efficiency to specific FcRn
inhibitors. Ther Adv Neurol Disord 20215 14:
1756286421997381.

. Watanabe K, Ohashi S, Watanabe T, ez al. Case

report: recovery from refractory myasthenic crisis
to minimal symptom expression after add-on
treatment with efgartigimod. Front Neurol 2024;
15: 1321058.

Maho-Vaillant M, Sips M, Golinski M-L,

et al. FcRn antagonism leads to a decrease of
desmoglein-specific B cells: secondary analysis
of a phase 2 study of efgartigimod in pemphigus
vulgaris and pemphigus foliaceus. Front Immunol
2022; 13: 863095.

Zhou Y and Jiang S. Roles of FcRn in antigen-
presenting cells during autoimmunity and a
clinical evaluation of efgartigimod as an FcRn
blocker. Pathogens 2023; 12: 817.

Gilhus NE, Andersen H, Andersen LK, ez al.
Generalized myasthenia gravis with acetylcholine
receptor antibodies: a guidance for treatment. Eur
J Neurol 2024; 31: €16229.

Claytor B, Cho SM and Li Y. Myasthenic crisis.
Mouscle Nerve 2023; 68: 8-19.

journals.sagepub.com/home/tan


https://journals.sagepub.com/home/tan
https://orcid.org/0009-0000-6253-6167
https://orcid.org/0009-0000-6253-6167
https://orcid.org/0009-0006-2208-4876
https://orcid.org/0009-0006-2208-4876
https://orcid.org/0009-0006-1522-1094
https://orcid.org/0009-0006-1522-1094
https://orcid.org/0000-0002-0993-6994
https://orcid.org/0000-0002-0993-6994
https://journals.sagepub.com/home/tan
https://journals.sagepub.com/home/tan

