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Abstract
Objective
Immune checkpoint inhibitors (ICIs) have revolutionized cancer therapy but come with
immune-related adverse events (irAEs) that provide a novel challenge for treating physicians.
Neuromuscular irAEs, including myositis, myasthenia gravis (MG), and demyelinating poly-
radiculoneuropathy, lead to significant morbidity and mortality.

Methods
We present a case of severe myasthenia-myositis-myocarditis overlap in a patient receiving ICIs
for breast cancer. Clinical findings were recorded.

Results
A 47-year-old woman developed tetraparesis, dysphagia, and muscle pain during ICI treatment.
MG with a thymoma had been diagnosed earlier. Neuromuscular overlap irAEs with cardiac
affection was confirmed, and ICI treatment was discontinued. Given a lack of clinical response
to standard therapies, a muscle biopsy was performed demonstrating complement deposition.
Eculizumab treatment led to rapid improvement in muscle strength and cardiac function.

Discussion
Neuromuscular irAEs are associated with a high in-hospital mortality, and specific treatment
strategies remain an unmet need. Here, early muscle biopsy enabled targeted therapy after
standard approaches failed, thereby highlighting the value of identifying a specific treatment
target. To improve therapeutic outcomes, the development of patient-tailored strategies for
neuromuscular irAEs requires further studies.

Introduction
Immune checkpoint inhibitors (ICIs) transformed the therapeutic landscape of oncology.1

However, clinical efficacy comes at the cost of specific immune-related adverse events (irAEs)
presenting a novel challenge for treating physicians. Neurologic irAEs develop in an estimated 2%–4
%of patients treatedwith ICIs with neuromuscularmanifestations accounting formost cases.2,3 The
latter includes myositis, myasthenia gravis, demyelinating polyradiculoneuropathy, and overlaps
thereof.4,5 While the group of neuromuscular irAEs is heterogeneous, patients with myocardial or
bulbar affection face a staggering mortality of approximately 60%.6 Consequently, irAEs require
comprehensive management to prevent the occurrence of long-term sequelae and death. While
mild irAEs may be mitigated by discontinuation of the ICIs and administration of glucocorticoids,
severe or refractory cases require specialized treatment strategies. Current viewpoints emphasize the
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need for personalized treatment algorithms based on the im-
munopathologic patterns of the affected patients.7 However,
patient-tailored approaches require the analysis of the underlying
immunopathology. In the field of neurology, the rarity and dif-
ficulty of obtaining target tissue often curtail the study of affected
organs leaving a knowledge gap for the management of irAEs.

Methods
In this study, we report a severe case of myasthenia-myositis-
myocarditis overlap in which muscle biopsy identified sub-
stantial complement deposition providing the rationale for
complement inhibition as specific rescue therapy.

Results
A 47-year-old female patient presented to our clinic with se-
vere tetraparesis. The patient described progressive muscle
weakness and difficulties with swallowing and speaking. These
symptoms had progressively worsened over the past 2 weeks.
MG was diagnosed 17 years earlier based on clinical findings
and the detection of antiacetylcholine receptor antibodies
(Figure, A). The antiacetylcholine receptor antibody level was
13.2 nmol/L determined approximately 12 months before
admission. An associated thymoma had been resected after
the diagnosis of MG. The patient had been treated with
azathioprine followed by recurrent applications of IV immu-
noglobulins. The patient experienced only mild muscle
weakness of the extremities while receiving this maintenance
treatment with her quantitative MG (QMG) score ranging
between 2 and 4 points and her MG activities of daily living
(ADL) score between 3 and 6 points. Four months before
admission, triple-negative breast cancer (cT2, cN, cM0 G3)
was diagnosed. Treatment consisted of pembrolizumab,
paclitaxel, and epirubicin/cyclophosphamide. Based on the
patient history and clinical presentation, we first suspected
myasthenic crisis and admitted the patient to our neurologic
ward. TheQMG score was 17 and the ADL score 18 points on
admission. The manual muscle testing (MMT)–8 score was
124/140 with proximal tetraparesis. We monitored the QMG
score as readily available clinical parameter throughout
the in-hospital stay (Figure, B). Concurrently, laboratory
analysis revealed an elevated creatine kinase of approximately
3300 U/I. Because the patient also complained of muscle
pain, we considered a neuromuscular overlap of irAEs as
underlying pathology. EMG demonstrated abnormal sponta-
neous activity in both gastrocnemius muscles. ICI was imme-
diately discontinued and the patient started on 2 mg of
methylprednisolone/kg. MRI of the lower thigh confirmed ac-
tive myositis, most pronounced in the gastrocnemius muscle
of both sides (Figure, C). The clinical condition worsened with
dysphagia as leading symptom requiring parenteral feeding
(QMG score: 22 points). We escalated therapy by continuous
application of neostigmine and 7 cycles of immunoadsorption.
The clinical course remained stable (QMG score 20, MMT8
score 128/140 points), however, without relevant improvements.

Elevated troponin (1,071 ng/L) and N-terminal prohormone of
brain natriuretic peptide (1,025 ng/L) levels were detected 3
weeks after admission, and pericardial effusion was visible on
echocardiography. Cardiac MRI confirmed myocarditis 4 weeks
after admission according to the modified Lake Louise criteria
2008.8 In the absence of clinical improvement, we decided to
perform a muscle biopsy of the right gastrocnemius muscle. Here,
histopathologic analysis demonstrated scattered necrotic and
regenerating fibers (Figure, D). Sparse CD8 T-cell infiltration was
seen in surrounding of damaged muscle fibers on immunohisto-
chemistry. Concurrently, staining for terminal complement (C5b-
9) evidenced substantial complement deposition on scattered
muscle fibers and on capillaries. Based on these findings, we
considered complement as a therapeutic target and started the
patient on the induction cycle of eculizumab 5 weeks after ad-
mission. Symptoms improved rapidly as demonstrated by a re-
duction of the QMG score from 17 points at the start of
eculizumab to 6 points 2weeks later at discharge.Given the clinical
improvement, after 6 weeks of treatment, methylprednisolone was
tapered until reaching a maintenance dose of 5 mg per day.
Follow-up MRI of the lower thigh demonstrated subsiding myo-
sitis. Functionally, the patient regained her ability to walk without
support. The patient continues to receive eculizumab biweekly. At
discharge, serumCK levels declined to 132U/I. Oncologic therapy
was resumed with capecitabine without rechallenging ICI. At
follow-up 4 months later, QMG andMMT8 remained stable. The
antiacetylcholine receptor antibody level was 11.6 nmol/L. Echo-
cardiography demonstrated a restored ejection fraction. Cardiac
MRIwas repeated, andmyocarditiswas ruled out (Figure, E andF).

Discussion
As the use of ICI increases, clinicians will increasingly be
confronted with the spectrum of irAEs. Neuromuscular
overlap syndromes are of particular interest given their high
mortality and morbidity. Indeed, a recent systematic review
summarized 60 cases of myasthenia-myositis-myocarditis
overlap.6 Here, approximately 70% of patients presented
with cardiac arrhythmia and approximately 20% had reduced
ejection fraction. Approximately 60% of patients with
myasthenia-myositis-myocarditis overlap died in hospital due
to acute complications highlighting the urgent need for opti-
mization of diagnostic and therapeutic approaches to combat
the associated mortality. One strategy could be the early
identification of immunopathologic patterns that might serve as
therapeutic target. Indeed, early muscle biopsy proved valuable
in our patient because it allowed for the detection of comple-
ment, providing the rationale for a tailored treatment strategy
after insufficient response to standard approaches. While spe-
cific approaches to a number of indications across the spectrum
of irAEs were previously suggested,7 the pathophysiologic
mechanisms driving irAEs remain insufficiently understood,
rendering targeted treatment strategies a persisting challenge.
Further scientific effort is needed to understand whether the
growing field of complement therapies may be suited to meet
the demand for patient-tailored therapeutics for neuromuscular
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Figure Clinical Findings and Course of Disease

(A) Timeline of preceding events, in-hospital stay and follow-up. (B) Quantitative myasthenia gravis (QMG) score, creatine kinase (CK), and troponin levels
during the course of disease. (C)MRI of the lower thigh demonstratingmyositis of the gastrocnemiusmuscle on both sides 2weeks after admission (left) and 7
weeks after admission (right). T2 sequences with contrast are shown. (D) Hematoxylin and eosin (H&E) stain (left) demonstrating necrotizing myopathy with
scattered necrotic and regenerating fibers and numerous capillaries with thickened vessel walls. Immunohistochemistry staining for CD8 (middle). Sparse
CD8 positive cells are seen in the vicinity of damaged muscle fibers. Immunohistochemistry staining for C5b-9 (right) displaying complement deposition on
scattered muscle fibers and capillaries (marked by black arrows in inlet). 20× magnification was used for image acquisition. (E) Cardiac MRI 4 weeks after
admission demonstrating pericardial effusion (a) and substantial edema (b) as signs ofmyocarditis. T2 sequences are shown (left) and quantification of water
content (right; water is indicated in red, healthy tissue in green). (F) Follow-up cardiac MRI 4 months after discharge demonstrating no myocarditis (c) but
pericardial effusion (a) and signs of cancer therapy–related cardiac dysfunction withmyocardial fibrosis (d). T2 sequences are shown (left) and quantification
of water content (middle; water is indicated in red, healthy tissue in green). Furthermore, T2 late gadolinium enhancement is depicted (right).
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irAEs. A recent study highlighted the value of specific treatment
strategies for irAEs with myositis.9 Here, the combination of
ruxolitinib and abatacept with supportive management resulted
in a substantial reduction of myositis-associated in-hospital
mortality.9 Blockade of the interleukin 6 receptor (anti–IL-6R)
could offer an alternative strategy for the management of irAEs.
Evidence from murine and human studies implicates in-
volvement of T helper 17 (Th17) cells in the development of
irAEs.10 The use of anti–IL-6R is motivated by the requirement
of IL-6 for näıve CD4 T cells to differentiate into Th17 cells.
Indeed, while prospective trials remain an unmet need, in a
retrospective analysis of 92 patients, irAEs improved in 73% of
patients treated with anti–IL-6R.11 Intriguingly, the complete
response rate to ICIs improved in IL-6R-treated patients sug-
gesting that targeting the IL-6 signaling pathway might be ef-
fective for managing irAEs without impairing the antitumor
immune response.11 Although anecdotal, our report demon-
strates that in severe cases with insufficient response to standard
therapies, muscle biopsy might enable informed treatment
choices based on histopathologic findings. Given the prominent
role of complement in the pathophysiology of prototypical MG
and the established clinical efficacy of complement inhibition
for the treatment of MG,12,13 a similar role might be suspected
in irAEs. However, it should be noted that mechanisms of
disease are likely distinct because classical MG is antibody
mediated while neuromuscular irAEs seem to evolve around
T-cell dysfunction.14,15 Further scientific effort and systematic
studies are needed to meet the challenge of developing patient-
tailored treatment strategies for neuromuscular irAEs.
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