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Abstract. Lambert‑Eaton myasthenic syndrome (LEMS) is 
an autoimmune disorder of the neuromuscular junction that 
is characterized by muscle weakness. LEMS is usually asso-
ciated with cancer, most commonly small cell lung cancer 
(SCLC). The potassium‑channel blocker 3,4‑diaminopyridine 
(3,4‑DAP), has been previously used for the symptomatic treat-
ment of LEMS. 3,4‑DAP increases the release of acetylcholine 
and prolongs the duration of nerve action potentials at the 
presynaptic membrane of the neuromuscular junction. The 
present study describes the case of a patient with LEMS and 
SCLC, for which the symptoms did not improve with anticancer 
therapy, but did so markedly following treatment with 3,4‑DAP. 
The present study illustrates that 3,4‑DAP is a useful treatment 
choice in patients with LEMS, particularly for patients who do 
not fully improve following anticancer therapy.

Introduction

Lambert‑Eaton myasthenic syndrome (LEMS) is an auto-
immune disorder of neuromuscular transmission with 
presynaptic involvement (1). The syndrome exhibits char-
acteristic proximal limb weakness, autonomic disturbance 
and depressed tendon reflexes. LEMS is a rare disease with 
an estimated annual incidence of 0.48‑0.75 cases per million 
individuals in the Netherlands, and a prevalence of 3.42 cases 
per million individuals (2). Diagnosis of LEMS is based on 
clinical symptoms and electrophysiological studies, including 
the repetitive nerve stimulation test  (2). LEMS is associ-
ated with cancer in the form of paraneoplastic syndrome in 
50‑60% of cases, the majority of which are small cell lung 
cancer (SCLC) (3). Treatment is based on anti‑cancer therapy 

for those patients with associated cancers, given in combined 
with symptomatic and immunosuppressive therapy (4). LEMS 
patients with SCLC are more likely to reveal a better prog-
nosis than patients with SCLC alone, probably due to early 
identification of SCLC (5). The potassium‑channel blocker, 
3,4‑diaminopyridine (3,4‑DAP), prolongs the duration of 
nerve action potentials and increases the release of acetyl-
choline at the presynaptic membrane of the neuromuscular 
junction, effectively treating the symptoms of LEMS (6‑8). 
The present study describes the case of a patient with LEMS 
and SCLC, who showed a marked clinical improvement 
following treatment with 3,4‑DAP, compared with anticancer 
therapy alone, which only caused temporary improvement. 
The patient provided written informed consent.

Case report

A 62‑year‑old male presented to the Hallym University 
Hospital (Chuncheon, Republic of Korea) in December 2013 
with progressive quadriparesis, which had been apparent 
for >2 weeks and was more prominent in the legs compared 
with the arms. A diagnosis of myasthenia gravis (MG) was 
suspected initially due to progressive quadriparesis, as 
described above. In addition, thymoma was also suspected 
due to its high proportion of comorbidity with MG. The 
patient underwent a chest computed tomography (CT) scan 
to evaluate a thymoma. A subcarinal mass was subsequently 
detected. A bronchoscopic biopsy revealed a malignant small 
round cell tumor that was suggestive of small cell carcinoma, 
and the patient was diagnosed with SCLC. The patient visited 
the Research Institute and Hospital of the National Cancer 
Center (Goyang, Republic of Korea) for additional evaluation 
in January 2014. The patient experienced progressive weak-
ness and fatigue, which appeared to be worse in the evening. 
The patient also complained of a dry mouth and mild 
dysarthria, with intermittent aspiration of water. The family 
history was normal, and the patient had a history of smoking 
one packet of cigarettes per day, for 38 years. A neurological 
examination revealed overall proximal weakness [Medical 
Research Council (MRC) grade IV+] and hypoactive tendon 
reflexes with normal sensory function (9). Since a diagnosis 
of LEMS was suspected, a repetitive nerve stimulation 
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test was performed on the right abductor digiti minimi, 
trapezius and orbicularis oculi muscles using the method 
previously described by Oh (10). The results were compat-
ible with LEMS (Fig. 1). Abnormal decremental responses 
with low‑rate stimulation and incremental responses with 
high‑rate stimulation were observed. An anti‑acetylcholine 
receptor antibody assay yielded a negative result.

Four cycles of chemotherapy (etoposide and carboplatin) 
and concurrent thoracic irradiation (6,380 cGy/29 Fx) were 
performed, which resulted in a modest response of the SCLC 
(partial remission status). The MRC grading system divides 
muscle strength into 3 levels in grade IV. GIV+ means definite 
but slight weakness, GIV means able to move the joint against 
a combination of gravity and some resistance, and GIV‑ means 
capable of minimal resistance. Subsequent to the treatment for 
cancer, a mild improvement in the muscle weakness (MRC 
grade IV+) was recognized. However, the muscle weakness of 
the patient worsened again (MRC grade III to IV‑) 1 month 

after the concurrent chemoradiation therapy (CCRT). The 
patient was initially treated with pyridostigmine alone (60 mg, 
3 times per day), as 3,4‑DAP is an orphan drug not easily avail-
able in South Korea, but the symptoms remained unimproved 
for 2 weeks. Therefore, the patient was prescribed 3,4‑DAP 
(10 mg, 3 times per day) from the Korean Orphan Drug Center 
(Seoul, South Korea) and pyridostigmine (60 mg, 3 times per 
day). The symptoms markedly improved following the admin-
istration of 3,4‑DAP. A neurological examination performed 
1 year later demonstrated no muscle weakness (MRC grade V) 
and no significant adverse effects were indicated.

Discussion

Previous studies in South Korea have reported a favorable 
response of LEMS to anticancer therapy that is used to treat 
SCLC alone (11‑13). Specific anticancer therapies often improve 
LEMS, possibly by inhibiting the tumor‑derived antigenic 

Figure 1. Repetitive nerve stimulation test. (A) Tests performed in abductor digiti minimi muscle (Aa) Abnormal decremental responses with low‑rate stimula-
tion. (Ab) Incremental responses with high‑rate stimulation. (B) Tests performed in trapezius muscle. (Ba) Abnormal decremental responses with low‑rate 
stimulation. (Bb) Incremental responses with high‑rate stimulation. 
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stimuli, including surface voltage‑gated calcium channels 
(VGCCs), which provoke the production of anti‑VGCC anti-
bodies  (14). By contrast, the patient in the present study 
experienced temporarily improved muscle weakness that then 
worsened, even with anticancer therapy. However, the patient 
showed a marked clinical improvement following the admin-
istration of 3,4‑DAP. A number of previous studies in United 
States and Japan have demonstrated that patients with LEMS, 
who were treated with 3,4‑DAP therapy exhibited significant 
improvements in muscle strength (8,15,16). In accordance with 
the previous studies, the patient was diagnosed with muscle 
weakness caused by LEMS with SCLC, which was improved 
using 3,4‑DAP therapy combined with CCRT. To the best 
of our knowledge, the present study is the first to report this 
finding in South Korea.

Aminopyridines potentiate chemical transmission at the 
central and peripheral synapses by targeting the VGCC and 
facilitating the release of acetylcholine at the motor nerve 
terminals. The chemical 3,4‑DAP, at doses sufficient to improve 
neuromuscular transmission, produces few central nervous 
system adverse effects as its penetration into the brain is 
limited (6). However, epileptic seizures and arrhythmias have 
been previously described in patients that use high doses (6,7).

The present study illustrates that 3,4‑DAP is a useful treat-
ment choice in patients with LEMS, particularly in patients that 
do not improve fully following anticancer therapy.
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