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Abstract

Lambert-Eaton myasthenic syndrome (LEMS) is a representative paraneoplastic neurological
syndrome. Recently, nivolumab, an anti-programmed cell death 1 inhibitor, has been approved
for advanced non-small-cell lung cancer. Careful attention should be paid to immune-related
adverse events (irAEs), including neurotoxicity. We herein report a 73-year-old woman with
LEMS that occurred during nivolumab treatment for pulmonary squamous cell carcinoma. Af-
ter the 20th week of nivolumab, she experienced various neurological symptoms such as pto-
sis, lower limb weakness, and photophobia. Findings from a nerve conduction study and a
positive anti-P/Q-type voltage-gated calcium channel antibody made a diagnosis of LEMS.
Pyridostigmine and 3,4-diaminopyridine temporarily improved her symptoms. This was the
first case of LEMS as a neurological irAE. LEMS should be considered as a possible neurological

irAE. © 2018 The Author(s)
Published by S. Karger AG, Basel
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Introduction

Lambert-Eaton myasthenic syndrome (LEMS) is a neuromuscular autoimmune disorder
characterized by muscle weakness and autonomic dysfunction, and is a representative para-
neoplastic neurological syndrome (PNS). Approximately 50-60% of patients with LEMS are
associated with malignant tumor [1]. Although most patients with LEMS are associated with
small-cell lung cancer (SCLC), several reports have described associations of LEMS with other
malignant tumors, such as stomach adenocarcinoma, lymphoproliferative disorders, malig-
nant thymoma, and colonic adenocarcinoma [2-4]. Anti-P/Q-type voltage-gated calcium chan-
nel (VGCC) antibody is detected in approximately 85-90% of patients [5]. When LEMS is ob-
served with malignant tumor, cancer-directed therapies should be prioritized. Regardless of
the coexistence of a malignant tumor, symptomatic treatment for LEMS is acetylcholine ester-
ase inhibitor or 3,4-diaminopyridine (DAP). In particular, 3,4-DAP acts directly on the neuro-
muscular junction.

Currently, there are several immune checkpoint inhibitors (ICIs) that have revolutionized
the treatment strategy for various types of cancers. In Japan, as programmed cell death 1
(PD1) inhibitors, nivolumab and pembrolizumab have been approved for advanced non-
small-cell lung cancer (NSCLC). ICI has a wide spectrum of adverse effects, which are quite
different from conventional cytotoxic and molecular-targeted chemotherapy. Previously, var-
ious types of neurological immune-related adverse events (irAEs), such as encephalopathies,
meningoradiculoneuritis, Guillain-Barré-like syndromes, and myasthenic syndromes, have
been reported [6]. In particular, myasthenia gravis is well-known as a neurological irAE. The
overall incidence of neurological irAE has been reported to be 6.1% with anti-PD1 antibodies
[6]. We herein report a case of LEMS caused by nivolumab for pulmonary squamous cell car-
cinoma.

Case

A 73-year-old woman had been diagnosed with advanced squamous cell lung cancer with
multiple bone metastases (c-stage IV, cT2bNOM1b in the 7th TNM classification) 2 years prior
to this study. She started nivolumab (2 mg/kg, biweekly) as fourth-line regimen after car-
boplatin plus nanoparticle albumin-bound paclitaxel, docetaxel, and S-1. Nivolumab success-
fully provided partial response (PR). However, she was diagnosed with hypothyroidism in the
12th week after the initiation of nivolumab.

In the 20th week of nivolumab, she was found to have ptosis and lower limb weakness.
Moreover, she experienced photophobia in the 36th week. Thereafter, these symptoms grad-
ually deteriorated. She could not walk without a cane in the 48th week. Myasthenia gravis was
suspected as nivolumab-induced irAE, and then she was referred to neurologists. She was ad-
mitted to our hospital for the purpose of diagnosis and treatment of these neurological symp-
toms in the 51st week of nivolumab.

A physical examination revealed that her body temperature, pulse rate, and blood pres-
sure were 36.2°C, regular at 81 beats/min, and 132/79 mm Hg, respectively. Laboratory anal-
yses showed that blood cell count, biochemical profile, and carcinoembryonic antigen were
within the normal range. Anti-thyroglobulin antibody was positive, suggesting a possible irAE
of hypothyroidism. Chest computed tomography (CT) showed right hilar lymphadenopathy
and the primary tumor in the right lower lobe. The tumor kept providing PR even after the
19th cycle of nivolumab (Fig. 1).
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Neurological examinations presented bilateral ptosis and mild muscle weakness that was
dominant in the proximal muscle of the upper and lower limbs. Reactivities of the tendon re-
flex were diminished or absent. Her ptosis improved after exercise. She had a slightly wad-
dling gait. She also had photophobia, dry mouth, and constipation as signs of the autonomic
nervous system. She did not have any sensory disturbance.

In an edrophonium test, there were no appreciable changes to her ptosis, but her wad-
dling gait had improved slightly. In an ophthalmic drug test of phenylephrine, an adrenergic
aq receptor agonist, her ptosis had significantly improved with dilation of the pupil. These re-
sults suggested that her ptosis was caused by Horner syndrome. Serum acetylcholine receptor
(AchR) antibody was negative. Nerve conduction studies of the motor nerves of her limbs de-
tected low-amplitude compound muscle action potentials (CMAP) (Fig. 2a). The CMAP in-
creased more than twice after brief exercise (Fig. 2b). Repetitive nerve stimulations in her
right abductor digiti minimi muscle showed a waning phenomenon in 3-Hz repetitive stimu-
lation and a waxing phenomenon in 10- and 20-Hz repetitive stimulations (Fig. 3). Based on
these results, we diagnosed LEMS. Thereafter, anti-P/Q-type VGCC antibodies turned out to
be positive.

Her waddling gait improved slightly by an oral cholinesterase inhibitor, pyridostigmine.
We restarted nivolumab for lung cancer. However, 6 weeks after the restart of nivolumab,
chest CT scan showed ground-glass opacity in the periphery of the right middle lobe and the
right lower lobe. We suspected nivolumab-induced interstitial pneumonia, and then discon-
tinued nivolumab. Oral prednisolone (20 mg/day for 7 days) improved the ground-glass opac-
ities but did not change her neurological symptoms. Four months after the definite diagnosis
of LEMS, her fatigue and ptosis gradually deteriorated. Additional administration of a cholin-
esterase inhibitor, ambenonium, failed to improve her symptoms. We switched from pyri-
dostigmine and ambenonium to 3,4-DAP with an anti-acetylcholinesterase inhibitor that was
approved by the ethics committee of our hospital. Her ptosis, gait disturbance, and photopho-
bia improved with 15 mg of 3,4-DAP per day. Ten months after the definite diagnosis of LEMS,
chest CT detected metastases to mediastinal lymph nodes and confirmed the progression of
her lung cancer. Although she received 3,4-DAP that was increased from 15 to 45 mg per day,
her symptoms progressed gradually. She could walk independently with a cane indoors 16
months after the diagnosis of LEMS.

Discussion

To our knowledge, this is the first recorded case of LEMS caused by nivolumab. Our report
alerts oncologists to LEMS as a possible neurological irAE due to nivolumab. In our case, it was
difficult to distinguish neurological irAE from PNS as the cause of LEMS. We finally considered
our LEMS as a neurological irAE, because of the onset time and cancer histology. First, the
typical onset time of neurological symptoms due to irAEs and PNS is different. The former
usually occurs during the induction phase after a median of 5.5 (range, 1-20) cycles of anti-
PD-1 inhibitors [7], while the latter usually occurs before a confirmed diagnosis of malignant
tumor [2, 4, 8]. However, the range of these onset times is not specific, but various. Although
irAEs, in most cases, appear during ICI treatment [9], late-onset irAEs occasionally happen
even after discontinuation of ICI treatment. Neurological symptoms preceded the confirmed
diagnosis of malignancy in 84% of Japanese patients with seronegative PNS-LEMS [2]. How-
ever, many cases of late-onset PNS have been reported. We also reported a case of parane-
oplastic motor neuron disease that had emerged after a remarkable reduction in tumor size
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by chemotherapy [10]. In this case, the onset time of the neurological symptoms was more
than 2 years after the diagnosis of lung cancer and 20 weeks after the introduction of
nivolumab. In addition, at that time, nivolumab still maintained PR. Second, regarding PNS-
LEMS, squamous cell carcinoma is a rare malignant histology, but SCLC is the most common
histology. A Japanese retrospective study of 110 patients with LEMS revealed that 61, 8, and
31% of the patients had SCLC, other malignancies, and nonmalignancy, respectively [2]. A pro-
spective UK observational study showed that, in 26, 8, and 3% of patients with SCLC, neuro-
logical symptoms unrelated to LEMS, elevated serum level of VGCC antibodies, and clinically
and electro-physiologically confirmed LEMS were observed, respectively [11]. To our
knowledge, there are few case reports of pulmonary squamous cell carcinoma with LEMS [12-
14]. Thus, in terms of onset time and histology, neurological irAE was a more reasonable cause
of LEMS than PNS.

Notably, our LEMS was gradually progressive even after discontinuation of nivolumab.
We did not try strong and long-term immunosuppressive therapy, which has been effectively
used in many cases with other neurological irAEs [15]. However, low-dose and short-term
corticosteroid was ineffective in our case. Various standard drugs for LEMS, such as pyri-
dostigmine, ambenonium, and 3,4-DAP, relieved her neurological symptoms for a while, but
were only temporarily palliative. Thus, irAE-LEMS may be intractable. In conclusion, we de-
scribe the first case of LEMS due to nivolumab. LEMS should be considered as a possible neu-
rological irAE.
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Fig. 1. Chest computed tomography showed right hilar lymphadenopathy and right lower lobe lung mass
(a), and these sizes reduced after the 19th cycle of nivolumab (b).
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Fig. 2. The compound muscle action potentials (CMAP) amplitude of the patient’s right median nerve was

very small (2.03 mV) during relaxation (a); however, the CMAP increased to 4.52 mV soon after her mus-
cles contracted strongly (b).
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Fig. 3. A 3-Hz repetitive nerve stimulation test of the patient’s right abductor muscle of the little finger
showed a gradual amplitude decrease (a), while 10-Hz repetitive nerve stimulation showed a gradual am-
plitude increase (b).
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