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Case report

CD19xCD3 T cell engager blinatumomalb effective
in refractory generalized myasthenic syndromes

Tobias Ruck,»*” Niklas Huntemann,>” Menekse Oztiirk,">> Stefanie Schreiber,>* Stefanie Lichtenberg,’
Lars Masanneck,® Christopher Nelke,>* Hend Ben Moussa,” Thomas Ulrych,”> Marc Seifert,”
Dimitrios Mougiakakos,® Sascha Dietrich,>” and Sven G. Meuth*’
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In this case series, we report the first off-label use of the
CD19xCD3 T cell engager blinatumomab in two patients
with generalized myasthenia gravis (MG). Refractory MG re-
mains a major therapeutic challenge, with patients experi-
encing severe disability and potentially life-threatening crises
despite intensive immunotherapy. This study evaluates the
clinical efficacy and safety of short-term blinatumomab treat-
ment in two patients with severe, refractory generalized MG.
Both individuals had been experiencing persistent disease
burden with myasthenic crises leading to severe disability,
despite multimodal immunotherapy. Following treatment
with blinatumomab, both patients showed rapid and sustained
clinical improvements, reflected in significant reductions in
MG-specific scores (MG Activities of Daily Living scale, Quan-
titative MG score, and revised MG Quality of Life-15), further
patient-reported outcomes, digital activity markers, and gait
analyses. Laboratory findings revealed persistent B cell deple-
tion in patient 1, whereas patient 2 demonstrated clinical
improvement and autoantibody reduction despite B cell repo-
pulation by day 106. Both patients experienced grade 1 cyto-
kine release syndrome during initial treatment phases, but
no neurotoxicity or severe adverse events were observed.
This report underscores the potential of CD19xCD3 T cell en-
gagers as a promising therapeutic approach in severe autoim-
mune neuroimmunological disorders, warranting further
investigation in clinical trials and mechanistic studies.

INTRODUCTION

Myasthenia gravis (MG) is an autoantibody-mediated disorder of the
neuromuscular junction (NMJ), causing fatigable muscle weakness."
Despite innovations in therapeutic options such as terminal comple-
ment inhibition> * and antagonism of the neonatal Fc receptor,”” a
relevant proportion of patients still experiences a refractory disease
course with potentially fatal myasthenic crises and exacerbations.®
Recent reports have highlighted the potential of Cluster of Differen-
tiation (CD)19-targeted chimeric antigen receptor (CAR)-T cells in

patients with severe treatment-refractory MG However, limita-
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tions of CAR-T cell therapy, including considerable side effects,
the requirement for preconditioning chemotherapy, high costs, com-
plex logistics, and prolonged production time,'>'* have fueled
growing interest in bispecific antibodies as a promising alternative
for the treatment of refractory autoimmune disorders."*'® As
such, the CD19xCD3 bi-specific T cell engager blinatumomab, orig-
inally developed for the therapy of acute lymphoblastic leukemia,
consists of two single-chain variable fragments that specifically target
CD3 (C-terminal) and CD19 (N-terminal).'”'® By bridging T and B
cells, blinatumomab facilitates T cell engagement and the release of
perforins, caspases, and granzymes, inducing B cell apoptosis.'**
Additionally, blinatumomab achieves a higher degree of tissue pene-
tration and induces deeper B cell depletion compared to standard B
cell depleting agents such as rituximab.'“*' Here, we present the first
report on the use of blinatumomab for the treatment of therapy-re-
fractory MG.

Patient details and clinical findings

The 41-year-old female patient 1 was diagnosed with MG in August
2020. Extensive laboratory diagnostics failed to detect myasthenia-
associated autoantibodies. Given the typical clinical presentation,
an intercostal muscle biopsy was performed to support the diag-
nosis,”” revealing characteristic MG pathology with immunoglob-
ulin G1 (IgG1) and complement deposits at the NM]J. Of note, auto-
antibody testing was repeated before blinatumomab treatment and
remained negative. The disease initially manifested with fluctuating
ptosis and diplopia, followed shortly by generalized muscle weak-
ness, dysphagia, and exertional dyspnea. Neurological examination
revealed positive Simpson and ice-pack tests, whereas repetitive
nerve stimulation showed no pathological decrement. The patient
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exhibited marked clinical improvement following symptomatic
treatment with pyridostigmine. An extensive diagnostic evaluation,
including imaging and serological screening, found no alternative
etiology. The relevant comorbidities of patient 1 included Raynaud’s
phenomenon, erythema nodosum, arthritis, and interface dermatitis.
Despite a multifaceted therapeutic regimen (pyridostigmine, rituxi-
mab [3 cycles, relative CD19 lymphocyte proportion of <1%], pred-
nisolone [dose range: 5-60 mg/day], immunoadsorption, intrave-
nous immunoglobulins, plasma exchange [PLEX], methotrexate
[MTX], efgartigimod, zilucoplan, and thymectomy), this patient
experienced a severe disease course, with myasthenic exacerbations
and crises culminating in profound disability (Figure 1A; Table 1).
Due to the high symptom burden with spontaneous diplopia, ptosis,
significant reductions in vital capacity to 42% of the predicted value,
and a tetraparesis resulting in a maximal Myasthenia Gravis Founda-
tion of America (MGFA) class of IVa, we decided to treat the patient
with blinatumomab.

Patient 2, a 60-year-old woman, was diagnosed in October 2021
with an anti-acetylcholine receptor (AChR) antibody-positive MG
and comorbid Lambert-Eaton myasthenic syndrome, confirmed
by the presence of anti-voltage-gated calcium channel (VGCC)
P/Q-type antibodies. The initial titers at diagnosis measured
20.8 nmol/L for anti-AChR and 354.7 pmol/L for anti-VGCC anti-
bodies, as determined by enzyme-linked immunosorbent assay and
radioimmunoassay, respectively. At disease onset she presented
with proximally predominant tetraparesis that worsened with exer-
cise and over the course of the day, together with dysphagia for
solid food, exertional dyspnea, fatigability during prolonged speech,
and bilateral ptosis. Neurological examination additionally demon-
strated pronounced post-exercise reflex facilitation, and repetitive
nerve stimulation revealed both a pathological decrement and
increment. Patient 2 experienced recurrent myasthenic exacerba-
tions as well as crises under intensive symptomatic treatment and
immunotherapy with prednisolone (dose range: 5-60 mg/day), pyr-
idostigmine, amifampridine, azathioprine, mycophenolate mofetil,
PLEX, efgartigimod, and thymectomy, reaching a maximal
MGFA class of IVb (Figure 1A; Table 1). Essentially, patient 2
had not been exposed to any prior B cell-depleting therapy. Given
the persistent, functionally relevant symptoms characterized by
proximally pronounced tetraparesis, severe mobility impairment,
and a myasthenic crisis in August 2024, treatment with blinatumo-
mab was initiated.

Ten days prior to blinatumomab therapy, concurrent MG medica-
tion was discontinued, except for prednisolone and symptomatic
treatment. After obtaining informed written consent, each patient
received two cycles of blinatumomab at 26-day intervals. Blinatumo-
mab was administered as a continuous intravenous infusion for 12
consecutive days per cycle. The first cycle comprised a dosing
regimen of 9 pg/day on days 1-5, followed by 14 pg/day on days
6-12, resulting in a cumulative dose of 143 pg. In the second cycle,
the daily dose was increased to 14 pg/day on days 1-5 and 28 pg/
day on days 6-12, yielding a cumulative dose of 266 pg. To prevent
cytokine release syndrome (CRS), patients underwent prophylactic
treatment with 20 mg dexamethasone and 1 g paracetamol, admin-
istered 1 h prior to the start of each treatment cycle.

Clinical assessment comprised MG-specific disease scores including
the Quantitative MG (QMG), MG Activities of Daily Living (MG-
ADL), MG Composite (MGC), and the 15-item revised MG Quality
of Life questionnaire (MG-QoL15r). Additionally, assessments of the
Pittsburgh Sleep Quality Index, World Health Organization Quality
of Life Questionnaire, and the German version of the Hospital Anx-
iety and Depression Scale were conducted. Patients were continu-
ously monitored using wearables. Wearable data for patient 1 were
extracted from the patient’s privately owned Apple Watch Series 7
at their request via the HealthKit Application Programming Inter-
face (API), capturing heart rate, step count, and activity metrics.
Data for patient 2 were obtained from a Withings Smartwatch 2 pro-
vided as part of an observational study at University Hospital Diissel-
dorf, using the Withings API under standard OAuth2 authentication
to retrieve the same set of physiological parameters. In addition,
standard laboratory parameters, including autoantibody levels,
were evaluated closely.

Both patients demonstrated rapid and sustained improvements in
MG-ADL and QMG scores following treatment with blinatumomab
(Figures 1A and 1B). By the end of the first treatment cycle, MG-ADL
scores decreased from 16 to 12 in patient 1 and from 9 to 6 in patient
2. During the follow-up period, the MG-ADL remained stable in pa-
tient 1, while patient 2 showed further improvements, reaching a
score of 2. In addition to enhancements in ADLs, clinical examina-
tions demonstrated significant regression of myasthenic symptoms.
In patient 1, the QMG score declined from 27 to 18 points after
30 days, with 6 points attributed to stable ocular symptoms, and
continued to show sustained improvement over the following

Figure 1. Efficacy of blinatumomab in myasthenia gravis

(A) The medical history of patient 1 (left) and patient 2 (right) is presented, beginning at the time of diagnosis. Shown are the immunomodulatory therapies administered,
interventions for myasthenic exacerbations or crises, the timing of thymectomy, and the Myasthenia Gravis Activities of Daily Living (MG-ADL) as well as Quantitative MG
(QMG) scores before and after the initiation of blinatumomab treatment. (B) MG-ADL and QMG in absolute values and Myasthenia Gravis Composite (MGC) scores, reflecting
disease severity and therapeutic effects. (C) The development of arm-, leg-, and head-lifting times, as well as hand grip strength, as assessed during QMG evaluation. In
contrast to the MG-ADL, QMG, revised 15-item Myasthenia Gravis Quality of Life questionnaire (MG-QoL15r), and MGC, where lower scores indicate clinical improvement
and higher values for the depicted QMG items reflect functional recovery. (D) Longitudinal changes in the MG-Qol15r. (E) Course of anti-acetylcholine receptor (AChR) and
anti-voltage-gated calcium channels (VGCC) antibody levels in patient 2 over time. Due to the seronegative status of patient 1, autoantibody levels are shown only for patient
2. (F) Real-world activity as well as daily step counts, as recorded by wearable devices. “Baseline” (BL) is defined as the time period prior to initiation of blinatumomab therapy.
“Interval I” denotes the period between the first and second cycle, and “Interval II” denotes the period after the second cycle. The mean values for each interval are presented.
The dotted line indicates the BL values for (A) MG-ADL (red) and QMG (violet) and, in (B-F), for patient 1 (blue) and patient 2 (pink).
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Table 1. Baseline characteristics of patients 1 and 2

Baseline patient characteristics Patient 1 Patient 2
Sex female female
Age at baseline, y 41 59
Age at diagnosis, y 37 57
Disease duration, months 51 36
Autoantibody profile
Acetylcholine receptor (live cell-based assay) - +
Low-density lipoprotein receptor-related protein 4 - -
Muscle-specific tyrosine kinase - -
Ryanodine receptor - not tested
SOX1 not tested -
Titin - -
Voltage-gated calcium channel P/Q type - +
Neurophysiological examination
Decrement - +
Increment - +
Thymectomy + +
Thymoma - -
Response to oral pyridostigmine + +

arthritis, hypothyroidism, interface dermatitis,

Comorbidities

paroxysmal atrial fibrillation,

adjustment disorder, gastritis, osteoporosis

Raynaud’s phenomenon

Previous therapies (disease duration, months)

Amifampridine - +(34)
Azathioprine - +(5)
Efgartigimod +(6) +(28)
Immunoadsorption + -
Intravenous immunoglobulins + (13) -
Methotrexate +(14) -
Mycophenolate mofetil - + (27)
Plasmapheresis + +

Prednisolon (dose range, minimum-maximum) + (50) (5-60 mg)

+ (34) (5-60 mg/day)

(
Pyridostigmine +(50) +(32)
Rituximab +(13) -
Zilucoplan +(5) -

Baseline is defined as the time of blinatumomab initiation. + indicates a positive finding or prior therapy with the respective drug, whereas — denotes a negative test or absence of prior

therapy. The number in parentheses represents the duration of therapy in months.

3 months (Figures 1A and 1B). Analysis of individual QMG items
confirmed a marked treatment response with a 2-fold increase in
arm-, leg-, and head-lifting times, as well as in grip strength
(Figure 1C). Patient 2 experienced more pronounced improvements,
with a QMG score reduction from 19 to 8 within the first month, fol-
lowed by sustained stabilization at 7 points after 3 months
(Figures 1A and 1B). Residual paresis of axial muscle groups ac-
counted for the majority of the remaining QMG score items. At

4138 Molecular Therapy Vol. 33 No 9 September 2025

the 3-month follow-up, patient 2 required no immunotherapy other
than corticosteroids, while patient 1 received additional MTX. More-
over, clinical amelioration correlated with further patient-reported
outcomes in both patients (Figures 1D and S1A) and autoantibody
titers in patient 2 (Figure 1E). Disease improvement was also re-
flected in a significant enhancement in gait function (Videos SI,
S2, S3, and S4), as well as an increase in step counts and activity
markers in the continuous digital monitoring (Figure 1F). Of note,
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patient 1 exhibited a marked regression of additional autoimmune
phenomena, evidenced by a remission of erythema nodosum and a
substantial amelioration of arthralgias.

Laboratory results revealed a rapid decrease in leukocyte and
lymphocyte counts with persistent B cell depletion in patient 1
(Figures 2A and 2B). In patient 2, clinical improvements and reduc-
tion of autoantibody levels continued despite B cell repopulation on
day 106. Effects on Ig levels remained minimal (Figures 2B and 2D).
The initial reduction in T cells may indicate migration from the
blood into the tissue (Figure 2C). Further laboratory investigations
and measurements of vital parameters remained without relevant
findings (Figures 2E, S1B, and S1C).

In terms of safety, both patients experienced grade 1 CRS, character-
ized by mild fever (Figure S1C), general malaise, and headaches dur-
ing the initial days of each cycle and dose escalation. Patient 1 re-
ported transient diarrhea and worsening of preexisting tachycardia
during the first cycle. There were no signs of immune effector cell-
associated neurotoxicity syndrome (ICANS).

DISCUSSION

This report underscores the potential of short-term treatment with
CD19-targeting T cell engagers in autoimmune neurological disor-
ders such as refractory MG. Both previously treatment-resistant pa-
tients exhibited a rapid improvement in MG-specific scores,
including MG-ADL and QMG. Blinatumomab therapy was generally
well tolerated, with only mild CRS reported and no evidence of
ICANS.

Notably, in patient 2, the latest follow-up showed B cell reappearance
along with a continued increase in IgG levels above baseline, likely
due to prior treatment with efgartigimod and recent plasmapheresis.
Interestingly, this was accompanied by a further drop in autoanti-
body levels, which may suggest a beneficial repopulation of B cells
with ongoing depletion of autoreactive clones. Further mechanistic
studies are required to validate this hypothesis. Additionally, some
questions remain regarding the use of blinatumomab in refractory
MG, including the optimal number of treatment cycles and the
appropriate duration of therapy-free intervals. Moreover, given
that autoantibodies may also play a pivotal role in muscle-specific
kinase and low-density lipoprotein receptor-related protein
4-associated myasthenia, blinatumomab could demonstrate clinical
efficacy in these subtypes as well.'

Since this first-in-human experience comprises two cases, our find-
ings should be viewed as proof-of-concept rather than evidence of
broad clinical efficacy. The small sample size precludes statistical

Molecular Therapy

analysis. This is compounded by the all-female composition of the
cohort and 3-month follow-up, which prevents assessment of
long-term safety aspects. Moreover, the two patients differed in auto-
antibody status, prior immunotherapies, and comorbidities, intro-
ducing clinical heterogeneity. To confirm the encouraging signals
of this study, prospective randomized trials enrolling patients with
refractory MG despite treatment with approved high-efficacy agents
are needed. Such studies should also aim to optimize blinatumomab
dosing and cycle intervals. In parallel, mechanistic investigations,
incorporating deep immune phenotyping, flow cytometric analyses,
and sequencing of T and B cell clonal dynamics, are essential to eluci-
date patterns of immune repopulation and, ideally, to identify pre-
dictive biomarkers of clinical response.

In contrast to classical CD20-directed agents such as rituximab, blina-
tumomab eliminates B cells via a mechanistically distinct pathway.
While rituximab depends mainly on complement- and Fc receptor-
mediated cytotoxicity, blinatumomab redirects T cells to CD19-ex-
pressing targets, including antibody-producing plasmablasts and
long-lived plasma that escape CD20 depletion, and might therefore

permit a more profound depletion of the B cell compartment.'**%**~%°

Compared to CAR-T cell therapy, blinatumomab provides several
advantages. These may include an improved controllability due to
its short half-life of approximately 2 h.'>'**® Additionally, blinatu-
momab is associated with lower treatment costs and does not require
preconditioning chemotherapy, making it a more accessible thera-
peutic option. However, the limited number of reported cases pre-
cludes drawing reliable conclusions about their comparative efficacy.

This report warrants further evaluation to assess the long-term effi-
cacy, safety profiles, and mechanistic pathways of blinatumomab in
MG in controlled clinical trials.

DATA AVAILABILITY

All data will be made available to researchers and clinicians upon reasonable request to
the lead contact.
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