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Abstract
Stiff-person syndrome (SPS) is a rare autoimmune neurological disorder characterized by high titers of antibodies against glu-
tamic acid decarboxylase (GAD) causing impaired GABAergic inhibitory neurotransmission. To date, there is not a defined 
therapy for such condition, but immunomodulating therapies, such as plasma exchange, intravenous immunoglobulins, and 
rituximab, have been widely used in clinical practice. However, the efficacy and tolerability of these treatments is not well 
established. Efgartigimod, a new neonatal Fc receptor (FcRn) blocker, is a human IgG1 antibody Fc fragment engineered 
with increased affinity for FcRn binding, leading to a reduction in IgGs levels, including pathogenic IgG autoantibody show-
ing promising results in neurological autoimmune disorders and has been approved for the treatment of AChR-seropositive 
generalized myasthenia gravis (MG). In this study, we report and describe the first data on treatment with efgartigimod in 
three patients affected by both AChR-seropositive generalized MG and anti-GAD-seropositive SPS. Patients were followed 
since the start of efgartigimod and for the whole treatment period (12 weeks). MG symptoms were assessed with the “MG 
activity of daily living score” and the Quantitative Myasthenia Gravis score, while SPS ones were assessed with the “SPS 
activity of daily living score”; muscle strength was assessed with the Medical Research Council Sum score; the overall dis-
ability from MG and SPS was assessed by the modified Rankin Scale. All patients showed an improvement in symptoms of 
both SPS and MG after 2 cycles of treatment. Our data suggest that efgartigimod may be considered as a candidate drug for 
SPS and other autoantibody-mediated neurological disorders.

Keywords Efgartigimod · Stiff-person syndrome · Anti-GAD antibody · Glutamic acid decarboxylase · FcRn · Myasthenia 
Gravis · SPS-ADL

Introduction

Stiff-person syndrome (SPS) is an autoimmune condi-
tion caused by antibodies targeting several components 
of the inhibitory synapse in the spinal cord, with glutamic 
acid decarboxylase (GAD) antibodies being the predomi-
nant immune marker [1]. Epidemiological studies are 
scarce, but it is esteemed that SPS affects approximately 
1 patient per million population per year and is usually 
more prevalent among women [1]. The syndrome results 
from reduced GABAergic transmission caused by GAD 

antibodies [1–3]. Indeed, GAD is an intracellular enzyme 
whose physiologic function is the decarboxylation of glu-
tamate to gamma-aminobutyric acid (GABA), the main 
inhibitory neurotransmitter within the central nervous 
system [3]. The mainstay of the diagnosis relies on the 
detection of high titers of GAD Ab in serum and/or on 
their detection in patients’ cerebrospinal fluid [1]. Clini-
cally, patients suffer from several neurological symptoms 
that are expression of an impaired GABAergic transmis-
sion in the central nervous system: pain, hyperexcitability, 
exaggerated startle response, ataxia, respiratory failure, 
with severe disability and frequent admission to intensive 
care units. Moreover, as it often happens for autoimmune 
diseases, SPS is frequently associated with other autoim-
mune conditions, such as thyroiditis, myasthenia gravis 
(MG), and psoriasis [4]. Despite the partially known 
pathogenetic mechanisms underlying SPS, unfortunately 
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there is no defined therapy yet. High doses of intravenous 
Ig (IVIg), plasma exchange, and immunoadsorption are 
frequently used in the management of severe autoimmune 
diseases mediated by pathogenic IgG autoantibodies [5–7]. 
Such IgG modulating approaches can obtain a satisfactory 
clinical response in autoimmune diseases (including neu-
rological ones), but are quite frequently associated with 
some severe adverse reactions and a substantial burden for 
patients. Hence, IVIg is liberally used as chronic therapy 
in SPS even if with limited efficacy data [1, 4, 7]. Further-
more, there are few cases of SPS treated with rituximab, 
but without clear results [1]. Indeed, due to the rarity of 
SPS, treatment schemes and predictors of response are 
poorly defined, highlighting the unmet need for multicen-
tric prospective trials. As a result, SPS appears to date as 
a progressively disabling disease with no effective treat-
ment [4].

Targeting the neonatal Fc receptor (FcRn) presents an 
innovative and potentially more effective, safer, and more 
convenient alternative for clearing pathogenic IgGs [8]. 
Indeed, FcRns recycle IgGs by preventing their lysosomal 
degradation. As this process also enhances the half-life of 
pathogenic auto-IgGs, several inhibitors of the IgG-FcRn 
interface have been conceived to treat autoimmune diseases 
[9]. Of interest, efgartigimod (ARGX-113), a new FcRn 
blocker, is a human IgG1 Fc fragment engineered to reduce 
pathogenic IgG autoantibody levels showing promising 
results in neurological autoimmune disorders, such as MG. 
Indeed, a phase 2 trial was carried out in 2019 with good 
results in MG patients [10], and then, a multicentre, ran-
domized, placebo-controlled, phase 3 trial was conducted 
even in patients with generalized MG showing good efficacy 
and tolerability [11]. Finally, efgartigimod received FDA 
approval in December of 2021 and EMA approval in August 
2022 for AChR-seropositive generalized MG [12, 13]. On 
this perspective, FcRn-targeting offers a relevant opportunity 
to treat SPS patients by reducing anti-GAD IgG Ab levels 
without significant immunosuppression or apheresis [4, 14]. 
In this study, we describe the first data of efgartigimod in 
patients affected by both AChR-seropositive generalized MG 
and anti-GAD-seropositive SPS.

Methods

Ethical statement

The study was conducted in accordance with the Declaration 
of Helsinki and approved by the Ethics Committee of “Poli-
clinico Paolo Giaccone”, Palermo, Italy (Palermo I, protocol 
code 11/2022, approved on 12 December 2022). Informant 
consent was obtained for each participant.

Patient’s population

The diagnosis of MG was made according to the following 
criteria: diffuse weakness, with or without ocular or res-
piratory involvement, together with either abnormal levels 
of anti-AChR-Ab or pathological neurophysiological find-
ings (i.e., decremental U-shaped response at 3-Hz repeti-
tive nerve stimulation and/or increased jitter at single-fibre 
electromyography—SFEMG). We excluded patients suf-
fering from any other neurological or inflammatory con-
dition but SPS [6]. Patients with anti-MuSK-seropositive 
and double-seronegative MG have been excluded as well. 
The diagnosis of SPS was made according to the Dalakas’s 
criteria: stiffness in the axial muscles, prominently in the 
abdominal and thoracolumbar paraspinal ones, leading 
to a fixed deformity (hyperlordosis); superimposed pain-
ful spasms precipitated by unexpected noises, emotional 
stress, or tactile stimuli; confirmation of the continuous 
motor unit activity in agonist and antagonist muscles by 
electromyography; absence of neurological or cognitive 
impairments that could explain the stiffness; positive 
serology for GAD65 (or amphiphysin) autoantibodies, 
assessed by immunocytochemistry, western blot or radio-
immunoassay; response to diazepam [15].

All patients were screened for the presence of thymoma 
by means of computed tomography or magnetic resonance 
imaging scanning of the mediastinum. Therapies with 
immunomodulatory regimens (steroids, immunosuppres-
sants, monoclonal antibodies) were stable in the last six 
months. Patients did not receive any IVIg cycle in the last 
3 months before efgartigimod, while plasma exchange or 
thymectomy in the last 12 months.

Procedures

Treatment with Efgartigimod occurred within the 
“Expanded Early Access Program for Efgartigimod IV 
treatment in patients with generalized myasthenia gravis 
(GENERATIVE Protocol)”.  Patients were followed 
since the start of efgartigimod and for the whole treat-
ment period (at least 12 weeks). Efgartigimod (10 mg/
kg) was administered as four infusions per cycle (one 
infusion per week). After each cycle there was a period 
of at least 4 weeks of follow-up. All patients received 
an initial cycle, with a second cycle administered after 
4 weeks. Each patient underwent clinical evaluation every 
week during the infusion period and a week after the last 
infusion per cycle (T0, I7, I14, I21, and I28 for the first 
cycle, and T1, II7, II14, II21, II28, for the second cycle). 
The severity of MG was assessed with the “MG activ-
ity of daily living (MG-ADL) score” (patient-reported, 



256 Journal of Neurology (2024) 271:254–262

1 3

physician-recorded outcome measure) and the Quanti-
tative Myasthenia Gravis (QMG) score; the severity of 
SPS syndrome was assessed with the “SPS activity of 
daily living (SPS-ADL) score” (patient-reported, physi-
cian-recorded outcome measure), adapted to identify and 
measure the impact of SPS symptoms in everyday life 
(see supplementary material); patients’ muscle strength 
was assessed using the Medical Research Council (MRC) 
sum score (from 0, absence of movement, to 5, normal 
strength) calculated for the upper (deltoid, triceps, biceps, 
wrist and finger extensors, wrist and finger flexors) and 
lower limbs (iliopsoas, tibialis anterior, gastrocnemius, 
toe extensors, toe flexors); the overall disability from 
MG and SPS was assessed by the modified Rankin scale 
(mRS). Testing for autoantibodies (i.e., anti-AChR, anti-
GAD) was performed by the radioimmunoassay method 
using a radio-receptor assay kit. The results were reported 
as positive for AChR if > 0.50 nmol/l, and positive for 
anti-GAD if > 5.0 UI/ml [16]. All the MG patients under-
went total IgG, thyroid hormones and thyroid stimulating 
hormone serum testing, antinucleus antibodies testing, 
complete blood count, creatinine, blood urea nitrogen, 
liver transaminases, gamma glutamyl transferase, and 
total and fractionated bilirubin. Assessments with MRC 
sum score were performed at the start and then weekly 
for 4 weeks after initiation of each cycle (T0, I7, I14, I21, 
I28, for the first cycle, and at T1, I7, II14, II21, II28, for 
the second cycle, etc.), while MG-ADL, QMG, SPS-ADL, 
and mRS were performed at the start of treatment (T0) 
and after the end of the second cycle (a week after the last 
infusion of the cycles, i.e., I28, II28, or III28), as well as 
anti-GAD, and anti-AChR dosage.

Statistical analysis

Continuous variables were reported as mean and stand-
ard deviation (SD) or by median (maximum, minimum) 
within squared brackets according to their distribution. Cat-
egorical variables were presented as numbers and relative 
percentages.

Results

Patient’s population

We found three patients affected by both SPS and AChR-
seropositive generalized MG in a cohort of 213 MG patients 
regularly followed at the Neuromuscular outpatient clinic 
of “Policlinico Paolo Giaccone” of Palermo, Italy. Table 1 
describes clinical data from three patients included in this 
study.

Patient 1

The first patient was a 31-year-old girl who presented to 
our attention in 2021 with a severe onset of MG with easy 
fatigue and weakness, difficulty walking and keeping arms 
raised, difficulty in swallowing and chewing, occasional pto-
sis, and evening diplopia. Her medical history mentioned 
only bronchial asthma, Hashimoto’s thyroiditis, and anxiety-
depressive syndrome. Clinical, serological, and neurophysi-
ological assessments allowed a diagnosis of AChR-seropos-
itive MG with spinal-predominant symptoms (MGFA IVA, 
MG-ADL 20). She was treated with IVIg as a rescue therapy 
with some clinical improvement and immunomodulating 
therapy with prednisone 1 mg/kg with unsatisfactory con-
trol on her symptoms. Azathioprine was started, but then 
discontinued for laboratory signs of liver damage. One year 

Table 1  Clinical data of patients affected by MG and SPS treated with efgartigimod

MG myasthenia gravis, AChR acetylcholine receptor, IVIg immunoglobulin

Patient 1 Patient 2 Patient 3

Age (y) 31 46 59
Sex F F F
Age at MG onset (y) 29 40 53
Age at SPS onset (y) 30 45 57
MG subtype AChR-seropositive generalized AChR-seropositive generalized AChR-seropositive generalized
Thymic pathology No Thymic hyperplasia Thymic residual
Comorbidity Anxiety, bronchial asthma, Hashi-

moto’s thyroiditis, vitamin B12 
deficiency

Anxiety and depression, Hashi-
moto’s thyroiditis, vitamin B12 
deficiency

Anxiety and depression, Graves’ 
disease

Failed treatments Azathioprine Plasma exchange Rituximab
IVIg cycles in the previous year 1 2 1
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after the onset of MG, the patient complained of episodic 
memory deficit, attention deficit, startle reaction, balance 
difficulties with falls, diffuse pain, and spasms at limbs. 
Then, a brain MRI was performed and showed no abnormal 
finding. After a diagnostic workup, reduced vitamin B12 
levels (145 pmol/l; normal values > 230 pmol/l) had been 
demonstrated, so she was supplemented with intramuscular 
injection without any improvement on her symptoms in two 
months. Hence, after a more comprehensive evaluation, a 
diagnosis of SPS was achieved through seropositive Anti-
GAD Abs finding, together with electromyographic evidence 
of continuous motor unit activity in agonist and antagonist 
muscles. Unfortunately, the SPS symptoms associated with 
the severe generalized MG confined the patient in a wheel-
chair and she had to abandon work and university activities.

Patient 2

The second patient was a 46-year-old woman who was diag-
nosed with MG for severe fatigue with diffuse weakness, 
ptosis, and diplopia (MGFA IIA, MG-ADL 9). Her medical 
history mentioned only Hashimoto’s thyroiditis and anxiety-
depressive syndrome. She was treated with IVIg as a rescue 
therapy with significant clinical improvement and immu-
nomodulation therapy with prednisone 1 mg/kg and Aza-
thioprine. After 4 years from the onset of MG, the patient 
complained cognitive impairment, balance difficulties with 
falls, and diffuse pain. Nevertheless, MRI scan of the brain 
was unremarkable. She was admitted to a Neurology ward 
where reduced vitamin B12 levels (201 pmol/l; normal val-
ues > 230 pmol/l) have been demonstrated and promptly sup-
plemented with intramuscular injection. However, ataxia and 
cognitive impairment persisted while she still complained 
of frequent spasms and significant pain. Also, history of 
falls, balance difficulty, spasms, startle response, increased 
tone with brisk reflexes, speech difficulty, ataxia, dyspnoea, 
dysphagia, in the presence of other autoimmune condi-
tions (autoimmune thyroiditis and MG) suggested a clinical 
diagnosis of SPS. Hence, a more comprehensive evaluation 
allowed a diagnosis of SPS due to anti-GAD Abs finding in 
the serum and CSF, confirmed even by neurophysiological 
assessment. However, no significant response was achieved 
with IVIg (2 g/kg distributed in 5 days).

Patient 3

The third patient was a 59-year-old woman who was diag-
nosed with MG with significant diagnostic delay. She was 
admitted to Neurology ward several times for diplopia, pto-
sis, dyspnoea, dysphagia, and fatigue, but in the absence 
of AChR-Ab was initially diagnosed as affected by func-
tional neurological disorder. Her medical history men-
tioned only Graves’ disease. Some clinicians hypothesized 

a seronegative MG, and she was treated with pyridostigmine 
and prednisone with a good response on ptosis and diplopia. 
Due to a finding of thymic residual, she underwent thymec-
tomy in 2019 and was treated with IVIg with clinical benefit. 
After reduction of the dosage of prednisone, anti-AChR-Abs 
were detected in three different samples, as well as a neuro-
physiological confirmation of MG diagnosis was obtained 
with SFEMG (MGFA IIb). However, after a couple of years 
she complained of balance difficulties with frequent falls 
and cognitive impairment associated with spasms. Clinical 
and neurophysiological examination showed the presence 
of an exaggerated startle response, increased muscle tone 
with brisk reflexes, and ataxia. MRI of the brain was unre-
markable. Hence, a diagnosis of SPS was confirmed with 
seropositive anti-GAD Abs in the serum. After a significant 
response achieved with two cycles of IVIg, she did not ben-
efit from further IVIg cycles. Azathioprine was then started, 
but it was stopped afterwards for nausea and vomiting. Even 
Rituximab 1000 mg was started with unsatisfactory response 
after 6 months.

Treatment schedule

Efgartigimod was administered for two cycles in three 
patients affected by AChR-seropositive MG and anti-GAD-
seropositive SPS. Overall, the treatment was well tolerated 
by patients, showing an effective response in both MG and 
SPS symptoms in all the subjects. Figure 1 describes the 
scores of the clinical scales at the start of the first cycle (T0) 
and at the end second cycle of efgartigimod (II28) for each 
patient. Patient 1 displayed a significant improvement in 
symptoms of both MG and SPS; patient 2 presented a stabili-
zation of symptoms of MG and SPS with mild improvement. 
Patient 3 showed a very good response on both MG and SPS 
scales. Table 2 describes clinical and laboratory data before 
and after the treatment with efgartigimod.

Safety

Serum IgGs were recorded every week during the whole 
study period. As expected, a reduction of serum IgG was 
noticed but all patients maintained the recommended lev-
els above 600 mg/dl for the whole study period (Table 2). 
Efgartigimod revealed to be safe without any serious adverse 
events in all patients. No infections or allergic reactions 
occurred during the infusions. Patient 1 reported a tempo-
rary mild lip burning after 24 h from the first infusion that 
was not reported after the following infusions. Patient 2 
reported a transient asymmetric tremor in the left hand the 
day after the first administration that was not reported any 
more after the following infusions. All patients were satis-
fied of the rapid infusion protocol and the overall safety of 
efgartigimod.
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Myasthenia gravis assessment

Efgartigimod was effective in reducing the overall burden of 
MG. As expected, anti-AChR-Ab were reduced after treat-
ment (Table 2). MG-ADL score was reduced of an aver-
age of seven points, with patients 1 and 3 losing more than 
5 points from T0 to II28 (Fig. 1). Also, QMG score was 
reduced of six points (Table 2, Fig. 1). Finally, the improve-
ment of MG symptoms was also demonstrated by increased 
strength assessed by MRC (Fig. 2).

Stiff‑person syndrome assessment

Efgartigimod was effective in reducing the overall burden of 
SPS. As expected, Anti-GAD-Ab were reduced after treat-
ment (Table 2). Supplementary material describes single 
score on SPS-ADL for each patient. Patient 1 experienced an 
overall reduction of nine points on SPS-ADL with a brilliant 

response. The benefit was evident on spasms and startle 
response that completely disappeared, while a reduction in 
falls and rigidity improved her quality of life and allowed 
ambulation. Also, after treatment the patient abandoned her 
wheelchair, and she felt more confident in herself and some-
times able to walk without aid for some distance. Patients 2 
experienced mild improvement in leg stiffness with reduc-
tion in frequency of spasms and startle response; however, 
no effect was evident on pain and balance. Patient 3 showed 
the best improvement with a reduction of 12 points in SPS-
ADL; spasms, exaggerated startle response, and pain disap-
peared, while a significant reduction was recorded for bal-
ance difficulties, stiffness, bulbar, and psychiatric symptoms. 
Considering the whole three patients, SPS-ADL score was 
reduced of an average 6 points. Figure 2 shows mean SPS-
ADL score at T0 and II28. Items (2) spasms, (4) exagger-
ated startle response, (5) stiffness, and (7) bulbar symptoms 
were characterized by a more pronounced reduction after 

Fig. 1  Comparison among 
single patients for MG-ADL, 
QMG, and SPS-ADL at the 
start of the first cycle (T0, red) 
and at the end second cycle 
of efgartigimod (II28, green). 
MG-ADL Myasthenia Gravis 
activity of daily living score, 
QMG Quantitative Myasthenia 
Gravis, SPS-ADL SPS activity 
of daily living

Table 2  Comparison among 
clinical scales and laboratory 
data before and after two cycles 
of treatment with efgartigimod

MG-ADL Myasthenia Gravis activity of daily living score, MRC Medical Research Council, QMG Quan-
titative Myasthenia Gravis, SPS-ADL SPS activity of daily living, AChR acetylcholine receptor, GAD glu-
tamic acid decarboxylase, mRS modified Rankin scale

Baseline (mean ± standard 
deviation)

After second cycle of efgartigi-
mod (mean ± standard deviation)

MG-ADL 16 ± 3.6 8.3 ± 6.6
MRC upper and lower limbs 103.3 ± 8.3 120.7 ± 11.5
QMG 18.3 ± 7.3 11.0 ± 8.4
SPS-ADL 15.0 ± 2.1 6.7 ± 2.1
Serum IgG (mg/dl) 1228.7 ± 508.7 727.0 ± 250.3
Anti-AChR-Ab (nmol/l) 0.86 ± 0.31 0.01 ± 0.001
Anti-GAD-Ab (UI/ml) 19.4 ± 7.7 1.15 ± 0.07
mRS 4 ± 1.0 3.3 ± 0.6
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treatment with a mean reduction of more than two points 
(Fig. 3, Supplementary material).

Immunosuppressive drugs and steroids

Table 3 compares treatments before and after treatment 
with efgartigimod. Immunosuppressive drugs dosage was 
not increased during treatment with efgartigimod and in no 
case any rescue therapy (plasmapheresis or immunoglobu-
lins) was needed. Moreover, a reduction of the immunosup-
pressive drug was obtained for patients 1 and 2. Patient 1 
reduced prednisone 20 mg after the first cycle and stopped 

Fig. 2  MRC sum score during 
the first and second cycle of 
efgartigimod. MRC Medical 
Research Council

Fig. 3  Mean SPS-ADL scores 
at the start of the first cycle (T0, 
red) and at the end second cycle 
of efgartigimod (II28, green). 
SPS-ADL SPS activity of daily 
living

Table 3  Treatment of patients affected by MG and SPS treated with 
efgartigimod at the start of the first cycle (T0) and at the end second 
cycle of efgartigimod (II28)

Patient 1 Patient 2 Patient 3

Ongoing treatments at the start of efgartigimod (T0)
 Pyridostigmine (mg) 240 240 240
 Prednisone (mg) 20 15 0
 Azathioprine (mg) 0 150 0

Ongoing treatments at the end of the second cycle of efgartigimod 
(II28)

 Pyridostigmine (mg) 240 240 240
 Prednisone (mg) 0 0 0
 Azathioprine (mg) 0 50 0
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it. Patient 2 stopped prednisone 15 mg and reduced azathio-
prine from 150 to 50 mg.

Disability

An improvement of the overall disability was demonstrated 
in two patients (patients 1 and 2). Patient 1 presented severe 
disability at the beginning requiring constant nursing care 
and attention (mRS 5) and was able to attend her own bodily 
needs and walk without assistance at the end of the second 
cycle (mRS 3); patient 2 was able to walk unassisted at II28 
(mRS from 4 to 3), while patient 3 presented stable moderate 
disability (mRS 3).

Discussion

SPS is a rare autoimmune neurological condition char-
acterized by central and peripheral hyperexcitability due 
to impaired GABAergic neurotransmission [1]. Patients 
affected by SPS experience progressive and severe neurolog-
ical symptoms with increase in disability until they become 
bedridden or confined in a wheelchair. In most severe cases, 
patients can experience respiratory failure requiring admis-
sion to intensive care units [17, 18]. The management of 
SPS is based on immunosuppressants and antispastic drugs 
for chronic use, and IVIg and plasma exchange as rescue 
therapies [1, 19]. IVIg have been demonstrated as a safe 
and effective therapy to treat SPS exacerbations, but there 
are few data due to the rarity of the disease [2, 20]. Some 
researchers explored the role of rituximab in SPS with 
conflicting results [21, 22]; others employed subcutaneous 
immunoglobulins or autologous hematopoietic stem cell 
transplantation [23, 24]. Hence, the management of SPS is 
still empiric and based on single experiences, so a definite 
therapy is on demand.

Being an autoimmune disorder, SPS had been found to 
be associated with several autoimmune conditions includ-
ing MG [25, 26]. In our neuromuscular outpatient clinic, 
we follow three patients affected by SPS and generalized 
MG. Hence, in this study, we aimed to verify the efficacy of 
efgartigimod in AChR-seropositive generalized MG patients 
with comorbid anti-GAD-seropositive SPS. The rationale 
for efgartigimod in SPS is the reduction of anti-GAD IgG 
Ab levels taking advantage of FcRn-targeting [4, 14]. Since 
its first evaluation in animal studies, efgartigimod improved 
muscle mass in mouse models for MuSK myasthenia gravis 
(MG) [27]. The phase 3 ADAPT study (NCT03669588) 
has recently demonstrated that efgartigimod, a novel FcRn 
inhibitor, is well tolerated in AChR-seropositive MG with 
significant improvements in MG-ADL and QMG scores 
[28]. Antagonizing FcRn using efgartigimod is safe and 
results in a specific, profound, and sustained reduction of 

serum IgG levels [8]. Hence, FcRn blockade is an emerging 
therapy in disease with indication to plasma exchange [29].

Data from the present study are in line with the registra-
tion study as all patients experienced an overall improvement 
on MG scales (Fig. 1) since the first two cycles of treatment. 
Moreover, efgartigimod revealed to be safe since patients 
reported no serious adverse event. As expected, AChR-Ab 
levels decreased, while a progressive increase in muscle 
strength was observed by MRC score increase (Fig. 2). 
Regarding SPS, anti-GAD antibodies decreased after the 
second cycle of efgartigimod. Of note, a significant effect 
was obtained as reported by the complete disappearance 
of spasms and startle response in patients 1 and 3. A mild 
reduction was reported also in falls and pain, but the ben-
efit was less clear (Fig. 3). Also, a reduction of respiratory 
impairment and dyspnoea and dysphagia was also observed 
(Fig. 3), but it is difficult to say if they were consequent to 
a response to MG or SPS; studies focused on SPS patients 
without MG will clarify this issue. A mild improvement on 
pain, psychiatric symptoms, and cognitive impairment was 
also reported on SPS-ADL (Fig. 3), but there may be a role 
of secondary depression and anxiety in both perception of 
pain and cognitive function.

Furthermore, it should underline the role of efgartigimod 
as sparing drug: indeed, in two patients it was possible to 
stop prednisone after two cycles of efgartigimod. On this 
perspective, efgartigimod may be an alternative particu-
larly for patients on long-term immunosuppressive regi-
mens, especially patients on plasma exchange [14]. Indeed, 
efgartigimod might be administered at the first signs and 
symptoms of exacerbation or at a fixed schedule. The first 
approach aspires to tailored treatment minimizing exacer-
bations in patients with low disease burden; conversely, a 
fixed schedule (i.e., 1 cycle every 6 or 8 weeks) might aim 
to reduce the dosage of concomitant immunosuppressive 
therapies and the overall burden of the disease. However, 
controlled studies are needed to identify the best therapeutic 
scheme. We hypothesize that efgartigimod might be a can-
didate drug for SPS and other autoantibody-mediated neu-
rological disorders, potentially increasing treatment options 
for these difficult neurological conditions.

Limitations

This study presents several limitations. First, the small sam-
ple size is a main limitation. Indeed, this preliminary data on 
efgartigimod in SPS should be confirmed on large cohorts 
of patients in randomized and controlled studies. Moreover, 
a placebo effect cannot be excluded in both MG and SPS 
symptoms, especially due to some clinical overlap between 
the two conditions. Also, we cannot define the appropriate 
treatment schedule for efgartigimod in SPS, as patients have 
been treated after at exacerbations as for the ADAPT study, 
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but not at a fixed schedule. Finally, future controlled stud-
ies on large cohorts of patients affected by isolated SPS are 
needed to better define the opportune frequency of treatment 
regimens and long-term safety and efficacy.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00415- 023- 11970-1.

Acknowledgements We acknowledge Argenx for having provided 
Efgartigimod within the EAP Program "GENERATIVE".

Author contribution VDS was involved in conceptualization, method-
ology, formal analysis, writing—original draft preparation; FB helped 
in validation; VDS, MM, NR, and PA contributed to investigation; 
data curation was performed by MM, NR, and PA; all authors were 
involved in writing—review and editing; FB, AT, and AL helped in 
supervision. All authors have read and approved the published version 
of the manuscript.

Funding Open access funding provided by Università degli Studi di 
Palermo within the CRUI-CARE Agreement.

Data availability Data are available from the corresponding author 
upon reasonable request.

Declarations 

Conflicts of interest On behalf of all authors, the corresponding author 
states that there is no conflict of interest.

Ethical standards All human and animal studies have been approved by 
the appropriate ethics committee and have therefore been performed in 
accordance with the ethical standards laid down in the 1964 Declara-
tion of Helsinki and its later amendments.

Informed consent Informed consent was obtained from all subjects 
involved in the study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. Dalakas MC (2022) Stiff-person Syndrome and GAD Antibody-
spectrum Disorders: GABAergic Neuronal Excitability, Immu-
nopathogenesis and Update on Antibody Therapies. Neurothera-
peutics [Internet]. 2022 Apr 1 [cited 2023 May 4];19(3):832–47. 
Available from: https:// pubmed. ncbi. nlm. nih. gov/ 35084 720/

 2. Tsiortou P, Alexopoulos H, Dalakas MC (2021) GAD antibody-
spectrum disorders: progress in clinical phenotypes, immu-
nopathogenesis and therapeutic interventions. Ther Adv Neurol 

Disord [Internet]. 2021 [cited 2023 May 4];14. Available from: 
https:// pubmed. ncbi. nlm. nih. gov/ 33854 562/

 3. Dade M, Berzero G, Izquierdo C, Giry M, Benazra M, Delattre JY 
et al (2020) Neurological syndromes associated with anti-GAD 
antibodies. Int J Mol Sci [Internet]. 2020 May 2 [cited 2023 May 
4];21(10). Available from: https:// pubmed. ncbi. nlm. nih. gov/ 
32456 344/

 4. Dalakas MC (2023) Therapies in Stiff-Person Syndrome: 
Advances and Future Prospects Based on Disease Pathophysi-
ology. Neurology(R) neuroimmunology & neuroinflammation 
[Internet]. 2023 May 1 [cited 2023 May 4];10(3). Available from: 
https:// pubmed. ncbi. nlm. nih. gov/ 37059 468/

 5. Di Stefano V, Barbone F, Ferrante C, Telese R, Vitale M, Onofrj 
M et al (2020) Inflammatory polyradiculoneuropathies: Clini-
cal and immunological aspects, current therapies, and future 
perspectives. Eur J Inflamm [Internet]. 2020 Jan 27 [cited 2021 
Mar 7];18:205873922094234. Available from: http://journals.
sagepub.com/doi/https:// doi. org/ 10. 1177/ 20587 39220 942340

 6. Gilhus NE. Myasthenia Gravis. Longo DL, eds (2016) N Engl J 
Med [Internet]. 2016 Dec 29 [cited 2022 Aug 6];375(26):2570–
81. Available from: https:// pubmed. ncbi. nlm. nih. gov/ 28029 925/

 7. Yilmaz FM, Little D, Gallagher M, Colcher A (2019) Anti-
glutamate dehydrogenase antibody positive cerebellar ataxia 
and stiff person syndrome responding to dual treatment with 
steroids and intravenous immunoglobulin: a case presentation 
and literature review. Cureus [Internet]. 2019 Jun 6 [cited 2023 
May 4];11(6). Available from: https:// pubmed. ncbi. nlm. nih. gov/ 
31410 334/

 8. Ulrichts P, Guglietta A, Dreier T, Van Bragt T, Hanssens V, Hof-
man E et al (2018) Neonatal Fc receptor antagonist efgartigimod 
safely and sustainably reduces IgGs in humans. J Clin Invest 
[Internet]. 2018 Oct 1 [cited 2023 May 4];128(10):4372–86. 
Available from: https:// pubmed. ncbi. nlm. nih. gov/ 30040 076/

 9. Bayry J, Kaveri SV (2018) Kill ’Em All: Efgartigimod immuno-
therapy for autoimmune diseases. Trends Pharmacol Sci [Inter-
net]. 2018 Nov 1 [cited 2023 May 4];39(11):919–22. Available 
from: https:// pubmed. ncbi. nlm. nih. gov/ 30201 270/

 10. Howard JF, Bril V, Burns TM, Mantegazza R, Bilinska M, Szc-
zudlik A et al (2019) Randomized phase 2 study of FcRn antago-
nist efgartigimod in generalized myasthenia gravis. Neurology 
92(23):e2661–e2673

 11. Howard JF, Bril V, Vu T, Karam C, Peric S, Margania T et al 
(2021) Safety, efficacy, and tolerability of efgartigimod in patients 
with generalized myasthenia gravis (ADAPT): a multicentre, ran-
domised, placebo-controlled, phase 3 trial. Lancet Neurol [Inter-
net]. 2021 Jul 1 [cited 2023 May 4];20(7):526–36. Available from: 
https:// pubmed. ncbi. nlm. nih. gov/ 34146 511/

 12. Sivadasan A, Bril V (2023) Clinical efficacy and safety of efgar-
tigimod for treatment of myasthenia gravis. Immunotherapy 
[Internet]. 2023 Apr 4 [cited 2023 May 4]; Available from: http:// 
www. ncbi. nlm. nih. gov/ pubmed/ 37013 835

 13. Heo YA (2023) Efgartigimod alfa in generalized myasthenia 
gravis: a profile of its use. CNS Drugs 2:2

 14. Tran MH (2022) “Plasma exchange in a bottle”: An overview of 
efgartigimod for apheresis practitioners. J Clin Apher [Internet]. 
2022 Oct 1 [cited 2023 May 4];37(5):512–5. Available from: 
https:// pubmed. ncbi. nlm. nih. gov/ 35997 018/

 15. Hadavi S, Noyce AJ, David Leslie R, Giovannoni G (2011) Stiff 
person syndrome. Pract Neurol [Internet]. 2011 Oct [cited 2023 
Aug 1];11(5):272–82. Available from: https:// pubmed. ncbi. nlm. 
nih. gov/ 21921 002/

 16. Gambino CM, Agnello L, lo Sasso B, Scazzone C, Giglio RV, 
Candore G et al (2021) Comparative analysis of BIOCHIP mosaic-
based indirect immunofluorescence with enzyme-linked immu-
nosorbent assay for diagnosing myasthenia gravis. Diagnostics 

https://doi.org/10.1007/s00415-023-11970-1
http://creativecommons.org/licenses/by/4.0/
https://pubmed.ncbi.nlm.nih.gov/35084720/
https://pubmed.ncbi.nlm.nih.gov/33854562/
https://pubmed.ncbi.nlm.nih.gov/32456344/
https://pubmed.ncbi.nlm.nih.gov/32456344/
https://pubmed.ncbi.nlm.nih.gov/37059468/
https://doi.org/10.1177/2058739220942340
https://pubmed.ncbi.nlm.nih.gov/28029925/
https://pubmed.ncbi.nlm.nih.gov/31410334/
https://pubmed.ncbi.nlm.nih.gov/31410334/
https://pubmed.ncbi.nlm.nih.gov/30040076/
https://pubmed.ncbi.nlm.nih.gov/30201270/
https://pubmed.ncbi.nlm.nih.gov/34146511/
http://www.ncbi.nlm.nih.gov/pubmed/37013835
http://www.ncbi.nlm.nih.gov/pubmed/37013835
https://pubmed.ncbi.nlm.nih.gov/35997018/
https://pubmed.ncbi.nlm.nih.gov/21921002/
https://pubmed.ncbi.nlm.nih.gov/21921002/


262 Journal of Neurology (2024) 271:254–262

1 3

(Basel) [Internet]. 2021 Nov 1 [cited 2022 Sep 5];11(11). Avail-
able from: https:// pubmed. ncbi. nlm. nih. gov/ 34829 445/

 17. Crescimanno G, Algeri M, Canino M, Romano M, Cosentino G, 
Marrone O (2020) Severe breathlessness in stiff person syndrome 
(SPS). Looking under the bonnet. J Neurol Sci [Internet]. 2020 
Nov 15 [cited 2023 Jul 29];418. Available from: https:// pubmed. 
ncbi. nlm. nih. gov/ 32977 229/

 18. Cosentino G, Romano M, Algeri M, Brighina F, Alfonsi E, Tas-
sorelli C et al (2020) Intranasal midazolam for treating acute res-
piratory crises in a woman with stiff person syndrome. Neurol 
Neuroimmunol Neuroinflam [Internet]. 2020 Jul 1 [cited 2023 Jul 
29];7(4). Available from: https:// pubmed. ncbi. nlm. nih. gov/ 32238 
523/

 19. Sanchez K, Ullah A, Waler AR, Chakfe Y (2019) Improving 
ambulation and minimizing disability with therapeutic plasma 
exchange in a stiff-person syndrome patient with recurrent falls. 
Cureus [Internet]. 2019 Nov 20 [cited 2023 Jul 30];11(11). Avail-
able from: https:// pubmed. ncbi. nlm. nih. gov/ 31890 410/

 20. Yi J, Dalakas MC (2022) Long-term effectiveness of ivig main-
tenance therapy in 36 patients with GAD antibody-positive stiff-
person syndrome. Neurol Neuroimmunol Neuroinflam [Internet]. 
[cited 2023 May 4];9(5). Available from: https:// pubmed. ncbi. 
nlm. nih. gov/ 35798 561/

 21. Lobo ME, Araújo MLB, Tomaz CAB, Allam N (2010) Stiff-per-
son syndrome treated with rituximab. BMJ Case Rep [Internet]. 
[cited 2023 Jul 30];2010. Available from: https:// pubmed. ncbi. 
nlm. nih. gov/ 22802 263/

 22. Bacorro EA, Tehrani R (2010) Stiff-person syndrome: persistent 
elevation of glutamic acid decarboxylase antibodies despite suc-
cessful treatment with rituximab. J Clin Rheumatol [Internet]. 
[cited 2023 Jul 30];16(5):237–9. Available from: https:// pubmed. 
ncbi. nlm. nih. gov/ 20577 094/

 23. Fileccia E, Rinaldi R, Minicuci GM, D’Angelo R, Bartolomei 
L, Liguori R et al (2020) Subcutaneous immunoglobulin for 

maintenance therapy in stiff-person syndrome: one-year follow-
up in two patients. Neuromuscul Disord [Internet]. [cited 2023 Jul 
30];30(11):921–4. Available from: https:// pubmed. ncbi. nlm. nih. 
gov/ 33060 024/

 24. Burt RK, Balabanov R, Han X, Quigley K, Arnautovic I, Hele-
nowski I et al (2021) Autologous hematopoietic stem cell trans-
plantation for stiff-person spectrum disorder: a clinical trial. Neu-
rology [Internet]. [cited 2023 Jul 30];96(6):E817–30. Available 
from: https:// pubmed. ncbi. nlm. nih. gov/ 33318 163/

 25. Lee HL, Min JH, Seok JM, Cho E Bin, Lee SS, Cho HJ et al 
(2017) Stiff-person syndrome after thymectomy in myasthenia 
gravis mimicking a post-thymectomy myasthenic crisis. Neurol 
India [Internet]. [cited 2023 Jul 30];65(5):1152–3. Available from: 
https:// pubmed. ncbi. nlm. nih. gov/ 28879 920/

 26. Smith J, Storey H (2019) Stiff-person syndrome: a case report and 
review of the literature. Br Ir Orthopt J. 2019 Apr 16 [cited 2023 
Jul 30];15(1):64–71. Available from: https:// pubmed. ncbi. nlm. nih. 
gov/ 32999 976/

 27. Huijbers MG, Plomp JJ, van Es IE, Fillié-Grijpma YE, Kamar-Al 
Majidi S, Ulrichts P et al (2019) Efgartigimod improves muscle 
weakness in a mouse model for muscle-specific kinase myasthenia 
gravis. Exp Neurol [Internet]. [cited 2023 May 4] 317:133–43. 
Available from: https:// pubmed. ncbi. nlm. nih. gov/ 30851 266/

 28. Howard JF, Bril V, Vu T, Karam C, Peric S, Margania T et al 
(2021) Safety, efficacy, and tolerability of efgartigimod in patients 
with generalized myasthenia gravis (ADAPT): a multicentre, 
randomised, placebo-controlled, phase 3 trial. Lancet Neurol 
20(7):526–536

 29. Yunce M, Katyal N, Monis GF, Muppidi S (2023) Neonatal Fc 
receptor blockade as emerging therapy in diseases with plasma 
exchange indications. J Clin Apher. [cited 2023 Jul 30]; Available 
from: https:// pubmed. ncbi. nlm. nih. gov/ 37183 667/

https://pubmed.ncbi.nlm.nih.gov/34829445/
https://pubmed.ncbi.nlm.nih.gov/32977229/
https://pubmed.ncbi.nlm.nih.gov/32977229/
https://pubmed.ncbi.nlm.nih.gov/32238523/
https://pubmed.ncbi.nlm.nih.gov/32238523/
https://pubmed.ncbi.nlm.nih.gov/31890410/
https://pubmed.ncbi.nlm.nih.gov/35798561/
https://pubmed.ncbi.nlm.nih.gov/35798561/
https://pubmed.ncbi.nlm.nih.gov/22802263/
https://pubmed.ncbi.nlm.nih.gov/22802263/
https://pubmed.ncbi.nlm.nih.gov/20577094/
https://pubmed.ncbi.nlm.nih.gov/20577094/
https://pubmed.ncbi.nlm.nih.gov/33060024/
https://pubmed.ncbi.nlm.nih.gov/33060024/
https://pubmed.ncbi.nlm.nih.gov/33318163/
https://pubmed.ncbi.nlm.nih.gov/28879920/
https://pubmed.ncbi.nlm.nih.gov/32999976/
https://pubmed.ncbi.nlm.nih.gov/32999976/
https://pubmed.ncbi.nlm.nih.gov/30851266/
https://pubmed.ncbi.nlm.nih.gov/37183667/

	Efgartigimod beyond myasthenia gravis: the role of FcRn-targeting therapies in stiff-person syndrome
	Abstract
	Introduction
	Methods
	Ethical statement
	Patient’s population
	Procedures
	Statistical analysis

	Results
	Patient’s population
	Patient 1
	Patient 2
	Patient 3
	Treatment schedule
	Safety
	Myasthenia gravis assessment
	Stiff-person syndrome assessment
	Immunosuppressive drugs and steroids
	Disability

	Discussion
	Limitations

	Acknowledgements 
	References




