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Difficult Differential Diagnosis of Paraneoplastic Neuromuscular Diseases
Associated with Small Cell lung Cancer: A Report of Two Cases
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Lambert-Eaton myasthenic syndrome (LEMS) is a paraneoplastic neurological syndrome complication of
small cell lung cancer (SCLC). The clinical symptoms of LEMS overlap with those of myasthenia gravis (MG),
leading to misdiagnosis. Herein, we report two cases of SCLC with LEMS-like disease that were difficult to
distinguish from MG because of atypical electromyographic findings without waxing patterns on high-fre-
quency stimulation. Both patients responded poorly to oral pyridostigmine and intravenous immunoglobu-
lin, and were reported to be positive for the anti-P/Q-type voltage-gated calcium channel antibody character-
istic of LEMS. Differentiating between LEMS and MG based on clinical symptoms and EMG findings can be

difficult.
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INTRODUCTION

Paraneoplastic neurological syndrome (PNS) is a
neurological disorder caused by immune-mediated
mechanisms associated with neoplasia. Small-cell lung
cancer (SCLC) is associated with a high rate of PNS
(9%) [1], the diagnosis and treatment of which are
important for cancer management. Lambert-Eaton my-
asthenic syndrome (LEMS), in which neuromuscular
dysfunction is triggered by anti-P/Q-type voltage-gated
calcium-channel (VGCC) antibodies, has been report-
ed to be a relatively common PNS in patients with
SCLC [2]; however, myasthenia gravis (MG) may also
develop in these patients [3, 4].

The diagnosis of LEMS is based on clinical symp-
toms, electrophysiological findings, and autoantibodies,
differentiating it from other related diseases, such as
MG and amyotrophic lateral sclerosis (ALS) [5]. The
neuromuscular symptoms characteristic of LEMS in-
clude proximal muscle weakness, autonomic features,
and areflexia; however, these symptoms are not specific
to LEMS. In some cases, it can be difficult to distin-
guish between LEMS and MG [6]. For example, in one
study investigating Dutch and British cohorts, 58% of
patients were initially misdiagnosed, many with MG [7].
Therefore, electrophysiological findings are considered
the most important factors for the diagnosis of LEMS
[5]. Herein, we report two cases of PNS associated with
SCLC in which LEMS was difficult to differentiate

from MG because of atypical electromyographic find-
ings.

CASE PRESENTATIONS

Case #1

A b3-year-old man was referred to our hospital be-
cause of walking disturbances due to lower-extremity
muscle weakness and general malaise lasting 3 months.
He presented with a diurnal variation in muscle
weakness, which worsened in the evening. He had lost
7 kg of body weight in the last four months. He also
reported dry mouth as signs of autonomic dysfunction.

A neurological examination revealed no ptosis or
ophthalmoplegia. However, his Achilles tendon reflexes
had decreased. A slight weakness of the bilateral ilio-
psoas and quadriceps muscles was also observed. The
sensory nervous system and its coordinates remained
intact. Laboratory tests revealed elevated serum levels
of neuron-specific enolase (99.0 ng/mlL) and pro-gas-
trin-releasing peptide (3910 pg/mL); however, creatine
kinase levels showed no increase. Chest computed
tomography (CT) revealed a tumor in the right pul-
monary hilar region (Fig. 1A), but no abnormalities
in the thymus. Pathological examination of the sample
obtained via transbronchial biopsy revealed small-cell
lung cancer. Metastatic lesions were observed in the
mediastinal lymph nodes and bone (cT4N3Mlc).

Electromyography (EMG) revealed a waning pat-
tern with low-frequency stimulation (Fig. 2A), but no
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Fig. 1 Chest computed tomography (CT) findings

Chest computed tomography (CT) scan before and after chemotherapy. (A, B) Chest CT scan of
a b3-year-old man (case #1) before (A) and 4 months after chemotherapy (B). (C-D) Chest CT
scans of an 80-year-old woman (case #2) before (C) and 1 month after chemotherapy (D).

waxing pattern with high-frequency stimulation up
to 20 Hz (not recorded). The amplitude of the initial
compound muscle action potentials (CMAP) showed
no decrease. Anti-acetylcholine receptor (AchR) anti-
body and anti-muscle-specific tyrosine kinase (MuSK)
antibodies tested negative. The tensilon test was not
performed because of difficulty in evaluation due to
fluctuating myasthenic symptoms.

Based on these findings, seronegative MG was
diagnosed, and the patient was treated with oral pyr-
idostigmine and intravenous immunoglobulin (IVIG).
Cisplatin plus etoposide was administered as chemo-
therapy for SCLC, achieving a marked reduction in
tumor size. Despite these treatments, there was no
improvement in neuromuscular symptoms (Fig. 1B).
Later, a positive result for an anti-P/Q-type VGCC an-
tibody was reported. However, the patient did not fully
meet the diagnostic criteria for LEMS, and was there-
fore ultimately considered to have LEMS-like disease.

Case #2

An 80-year-old woman was referred to our hospital
because of progressive walking disturbances over the
six prior weeks. A neurological examination revealed
ptosis and diplopia. She had no symptoms of auto-
nomic dysfunction. The bilateral patellar and Achilles

tendon reflexes were absent. Weakness was observed
in the right iliopsoas muscle; however, the sensory
nervous system and its coordinates remained intact.
Laboratory tests revealed elevated levels of pro-GRP
(147 pg/mL) in the serum; however, creatine kinase
levels were normal. Chest computed tomography
(CT) revealed a tumor in the left lower lobe (Fig. 1C),
whereas no abnormalities were found in the thymus.
A CT-guided biopsy was performed, and a diagnosis
of SCLC with metastasis to the supraclavicular fossa
lymph nodes (cT1N3MO0) was made.

Electromyography (EMG) revealed a decreased am-
plitude of the initial CMAP, and a waning pattern with
low-frequency stimulation (Fig. 2B), but no waxing
pattern with high-frequency stimulation up to 30 Hz
(Fig. 2C). She tested negative for both anti-AChR and
anti-MuSK antibodies. Tensilon test results were also
negative. Based on a diagnosis of seronegative MG, the
patient was treated with oral pyridostigmine and IVIG
therapy. Chemotherapy with carboplatin and etoposide
resulted in little radiological improvement (Fig. 1D).
There was no improvement in neurological symptoms
during the course of treatment. A positive test for
anti-VGCC antibody was reported, and the patient was
eventually considered to have LEMS-like disease.
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Fig. 2 Electromyogram findings
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Repetitive nerve stimulation tests for cases #1 (A) and #2 (B) showing a waning pat-
tern with low-frequency stimulation. No waxing pattern with high-frequency stimula-
tion up to 20-30 Hz was present in either cases #1 (not recorded) or #2 (C).

DISCUSSION

MG and LEMS are both autoimmune diseases
of the neuromuscular junction which present with
similar neuromuscular symptoms, including muscle
weakness and electrophysiological abnormalities. The
most important difference between the MG and LEMS
is that repetitive muscle contractions cause a decrease
in muscle strength in the MG, and an increase in mus-
cle strength in the LEMS. The waxing pattern with
high-frequency stimulation is a characteristic finding
in 84-97% of LEMS cases, whereas it is rare in MG
(0.7%) [8, 9]. Therefore, a significant increment with
a marked increase in the CMAP amplitude during
high-frequency (10 to 50 Hz) repetitive nerve stimula-
tion tests (waxing pattern) is positioned as the most im-
portant component in the diagnostic criteria of LEMS
in the 2022 guidelines [5]. However, atypical LEMS
cases without a waxing pattern during high-frequency
stimulation, such as the two cases presented in this
report, are difficult to diagnose. Other electrophysio-
logical findings in LEMS include a decrease in CMAP
and a waning pattern at low stimulation rates. Waning
patterns during low-frequency stimulation are observed
in 81-94% of LEMS and 40-80% of MG cases, and
are considered a common electrophysiological finding
in both diseases [8, 10]. In the present two cases, a de-
crease in CMAP was observed in case 2 but not in case

1, whereas a waning pattern during low-frequency
stimulation was observed in both cases. Additionally,
progressive decrease was observed with low-frequency
stimulation in both cases. Because a high-rate stimula-
tion in the repetitive nerve stimulation test is associated
with severe pain, post-exercise facilitation (PEF) is rec-
ommended as an alternative with high sensitivity and
specificity (sensitivity 84-96%, specificity 100%) for the
diagnosis of LEMS [11, 12]. However, we were unable
to evaluate PEF in these cases because of the limited
functionality of the EMG device used in our institute.
Although neither patient met the proposed diagnostic
criteria of LEMS due to the absence of increment after
maximum voluntary contraction, a clinical diagnosis
of LEMS-like disease was made based on the lack of
clinical findings of ALS and the fact that other crite-
ria, including the production of autoantibodies, were
generally met.

The two cases in the present report were positive for
the anti-VGCC antibody, which reduces acetylcholine
release from presynaptic nerve terminals [13]. P/Q-type
VGCCGCs account for more than 95 percent of the
functional receptors at the neuromuscular junction,
and are thought to be major immunological targets in
LEMS [14, 15]. Anti-P/QQ VGCC antibodies are positive
in 91.7%-100% of patients with LEMS, but are rarely
found in patients with MG or other related diseases [16,
17]. The anti-P/Q VGCC assay is now commercially
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available, and is considered an important diagnostic
criterion [5]. Patients with neuromuscular diseases ac-
companied by atypical electromyographic findings in
the absence of anti-AChR/MuSK antibodies, as in the
current cases and those in previous reports [3, 4, 18],
should be examined for anti-VGCC antibodies.

Substantial differences exist between the treat-
ment strategies for LEMS and MG. Early fast-acting
treatment strategies comprising corticosteroids and
calcineurin inhibitors are effective [19, 20] and are rec-
ommended for the treatment of MG [5]. However, the
efficacy of anticancer therapies for cancer-associated
MG, including SCLC, is limited [21]. In contrast, the
neuromuscular symptoms of LEMS associated with
SCLC improve with antitumor therapy [22]. If symp-
toms are not controlled by antitumor therapy, the 2022
Japanese clinical guidelines recommend administering
immunotherapy, such as corticosteroids, immunoglob-
ulin, or plasma exchange [5]. Physicians should also
be cautious to apply immunosuppressive therapy in
patients with neoplasm-related neuromuscular junc-
tion diseases as immunosuppression may pose a risk
for cancer progression [23] and hamper the efficacy of
immune checkpoint inhibitors. As such, it is important
to differentiate between LEMS and MG to determine
the initial therapy.
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