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Myasthenia Gravis Induced by Ipilimumab in
Patients With Metastatic Melanoma

Introduction

Melanoma is the most aggressive of the cutaneous malignancies,
projected to cause over 9,500 deaths in the United States in 2014."
More effective immune-based treatments and molecularly targeted
therapies have improved the overall outcome and have begun to play
an expanding role in the treatment of patients with metastatic mela-
noma in the last few years.”* Ipilimumab (Yervoy; Bristol-Myers
Squibb, New York, NY) is a fully humanized monoclonal antibody
directed against the immune checkpoint cytotoxic T-lymphocyte
antigen-4 (CTLA-4) that functionally removes a key modulator of the
immune system. Tumor-specific cellular immunity is thereby en-
hanced by promotion of cytotoxic T cells and, possibly, reduction of
intratumoral regulatory T cells.” Ipilimumab improved overall sur-
vival for patients with melanoma compared with an experimental
vaccine in previously treated patients and in combination with dacar-
bazine in the first-line setting.*® However, the immune activation
caused by ipilimumab may also result in potentially severe autoim-
mune toxicity, most commonly involving the GI tract, liver, skin, and
endocrine system.” With increased clinical use, more rare adverse
effects are emerging. To our knowledge, no cases of ipilimumab-
induced myasthenia gravis have been reported in the medical litera-
ture to date. We describe two such cases below.

Case 1

A 69-year-old woman was initially diagnosed with a localized
melanoma in 2011. She underwent wide local excision of a 3-mm
deep, Clark level IV, nonulcerated melanoma (T3a) on her right lower
extremity. Sentinel lymph node biopsy revealed a 0.25-mm deposit of
melanoma in an ipsilateral inguinal lymph node (N1a, American Joint
Committee on Cancer stage IIIA). She declined completion lymph
node dissection or adjuvant therapy and was followed with close
observation. In mid-2012, she developed several cutaneous melanoma
nodules on her lower extremity; molecular testing did not reveal a
BRAF**° mutation. Positron emission tomography showed extensive
hypermetabolic inguinal and popliteal adenopathy and subcutaneous
nodules. The patient’s history was significant for anxiety and hypothy-
roidism; medications included levothyroxine, aspirin, citalopram, and
trazodone. She began receiving commercial ipilimumab at a dose of 3
mg/kg every 3 weeks for a maximum of four doses.

Shortly after her first dose, she developed a mild rash and pruritus
with increased erythema at the site of her primary melanoma resec-
tion. After her second dose, she developed minimal blurring of vision
and photosensitivity in her left eye. Physical examination at that time
was unremarkable except for a mild macular rash; magnetic resonance
imaging of the brain showed no intracranial metastatic disease, pitu-
itary enlargement, or other abnormalities. Complete blood counts,
electrolytes, and cortisol were normal; thyroid-stimulating hormone
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was elevated (7.5 wU/mL). Several days after her third dose of ipili-
mumab, she developed diplopia, ptosis, and dysphagia for solid foods.
Her acetylcholine receptor (AChR) binding antibodies were 1.9
nmol/L (normal level, < 0.5 nmol/L). Additional examination dem-
onstrated bilateral fatiguing ptosis, dysconjugate eye movements with
decreased horizontal gaze, weakness of the orbicularis oculi and oris,
and neck muscle weakness. Electromyography showed significant
compound muscle action potential decrement at baseline on low-rate
repetitive stimulation of the left spinal accessory-trapezius nerve-
muscle pair, consistent with a postsynaptic neuromuscular junction
disorder such as myasthenia gravis (Fig 1). Despite initiation of pyri-
dostigmine 30 mg three times per day, she developed mild shortness of
breath, worsening dysphagia, fatigable weakness, and inability to hold
up her head. She was admitted to the hospital and received intrave-
nous methylprednisolone 2 mg/kg and plasmapheresis and had grad-
ual symptom improvement. Her corticosteroids were tapered after
discharge and her symptoms continued to improve. Positron emis-
sion tomography scans performed 1 month and 3 months after her
third dose of ipilimumab showed decreased size and ['®F]fluorode-
oxyglucose avidity in her lower extremity lymphadenopathy. Her
strength has improved markedly; she complains only of mild fatigue
and is receiving a current corticosteroid dose of prednisone 40 mg
per day.

Case 2

A 73-year-old woman developed a focal skin lesion in her right
heel in 2008. After initial biopsy, she underwent a wide local excision
and sentinel lymph node biopsy of the right groin. Pathology revealed
an ulcerated, Clark level IV, 4.1-mm-deep acrolentiginous melanoma
with a mitotic index of 8.5/mm? (T4b). One of three sentinel lymph
nodes was involved by melanoma; completion right inguinal
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lymph node dissection was performed, and all remaining lymph
nodes were negative for metastases (N1a, American Joint Commit-
tee on Cancer stage IIIB). She was free of systemic metastases and
subsequently declined adjuvant therapy. One year after surgery,
she developed in-transit metastases and underwent a radical resec-
tion of two upper thigh nodules and isolated limb perfusion of the
right extremity. Two months later, she underwent re-excision of
recurrent in-transit metastases on her right lower limb after a
second isolated limb perfusion procedure. In mid-2009, restaging
scans demonstrated multiple new, hypermetabolic cutaneous and
subcutaneous nodules in the right lower extremity, new iliac and
inguinal lymphadenopathy, and hepatic metastasis. She was initi-
ated on a phase I clinical trial with ipilimumab.

After two doses of ipilimumab 10 mg/kg, she developed short-
ness of breath and proximal limb muscle weakness. A pulmonary and
cardiac work-up was performed and was notable for a Sniff test dem-
onstrating decreased diaphragmatic excursion. Thyroid-stimulating
hormone, free thyroxine, adrenocorticotrophic hormone, and corti-
sol levels were normal. Serum serologies were significant for elevated
AChR binding antibodies of 13.6 nmol/L (normal level, < 0.5
nmol/L) and modulating antibodies of 26% (normal level, < 21%).
On the basis of these findings, a diagnosis of myasthenia gravis sec-
ondary to ipilimumab was made. She began high-dose corticosteroids
and pyridostigmine with gradual improvement in her muscle strength
over the next 8 weeks. Ipilimumab was discontinued permanently.
Restaging scans demonstrated initial regression of disease; however, it
ultimately progressed despite multiple therapies including carboplatin
and paclitaxel, local radiotherapy, and a phase II clinical trial. Because
of significant progression of disease burden and functional decline,
she was transitioned to hospice care and died.

Discussion

In this report, we describe two patients with myasthenia gravis
complicating ipilimumab therapy. To our knowledge, these are the
first patients with ipilimumab-associated myasthenia gravis to be re-
ported in the medical literature. Other severe neurologic disorders
following ipilimumab were observed previously, including acute in-
flammatory demyelination polyneuropathy and an ascending motor
paralysis with common features of both myasthenia gravis and acute
inflammatory demyelination polyneuropathy.”” More recently, an
experimental immune checkpoint inhibitor blocking programmed
cell death ligand 1 was reported to cause myasthenia gravis in a phase
I trial.'

Myasthenia gravis is an autoimmune disorder affecting the neu-
romuscular junction and is characterized by fatigable weakness vari-
ably involving ocular, bulbar, respiratory, and limb muscles.
Autoantibodies to the acetylcholine receptor (AChR) or muscle-
specific tyrosine kinase are believed to be responsible for the clinical
features. T lymphocytes also seem to play a role in the pathogenesis of
myasthenia gravis by binding to the AChR and stimulating antibody
production.'" AChR antibodies are present in approximately 85% of
patients with generalized myasthenia and 50% of those with ocular
myasthenia, and are highly specific for the diagnosis.'>'> Acetylcho-
line esterase inhibitors (pyridostigmine) are generally used as first-line
therapy to potentiate the action of acetylcholine in the neuromuscular
junction and to alleviate symptoms.'* Most patients require addi-
tional immunomodulatory therapy to suppress autoantibody pro-
duction and T-cell activation, including plasmapheresis, intravenous
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immune globulin, and corticosteroids.'>'® Although symptoms may
worsen transiently 4 to 10 days after initiation of corticosteroids in
some patients, we ultimately elected to treat our patients with predni-
sone under close observation, given the corticosteroid-responsive na-
ture of most ipilimumab-induced adverse events."*

Many medications, such as aminoglycosides and corticosteroids,
can aggravate myasthenia, but only a few, such as D-penicillamine,
interferon alfa, and perhaps the statins, can induce it.'”"* In our
patients, ipilimumab possibly triggered the onset of myasthenia gravis
by exuberant T-cell activation. Preclinical and observational studies
have long concerned investigators that myasthenia gravis could de-
velop during anti-CTLA-4 therapy. An anti-CTLA-4 antibody wors-
ened myasthenia gravis in an experimental murine model.*’
Furthermore, patients with myasthenia gravis have lower T-cell mem-
brane expression of CTLA-4 compared with healthy controls.*' Par-
ticular CTLA-4 single nucleotide polymorphisms or alternative
splicing lead to this decreased expression.”***

Our patients had clinical presentations and confirmatory test-
ing that were consistent with myasthenia gravis. The first patient
developed predominantly ocular and bulbar symptoms, whereas
the second patient presented with shortness of breath and limb
muscle weakness. Other initial diagnostic considerations included
hypophysitis, uveitis, and intracranial metastases in the first pa-
tient, and cardiopulmonary dysfunction or myopathy in the sec-
ond patient. However, the development of typical physical
examination findings, markedly positive AChR antibody labora-
tory testing, and electromyography results confirmed myasthenia
gravis. Our patients experienced marked clinical improvement
after initiation of pyridostigmine and corticosteroids and in one
case required plasmapheresis.

Clinicians treating patients with ipilimumab should have a high
index of concern for immune-related adverse events. Weakness, fa-
tigue, dyspnea, and visual disturbances may herald a variety of endo-
crine, ophthalmologic, cardiopulmonary, or neurologic disorders.
Diagnostic evaluation of these symptoms should be pursued in an
expedited and comprehensive fashion. In the appropriate clinical set-
ting, myasthenia gravis should be considered as a complication of
ipilimumab therapy. Additionally, providers should screen for a his-
tory of myasthenia gravis or other neurologic problems before initiat-
ing ipilimumab.
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