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ABSTRACT
Background  There was no nationwide epidemiological 
study of Lambert-Eaton myasthenic syndrome (LEMS) in 
Japan; therefore, we conducted a nationwide survey.
Methods  For the first survey, we sent survey sheets 
to randomly selected medical departments (n=7545) 
to obtain the number of LEMS who visited medical 
departments between 1 January 2017 and 31 December 
2017. For the second survey, we sent survey sheets to 
the corresponding medical departments to obtain clinical 
information on LEMS.
Results  We received 2708 responses (recovery rate: 
35.9%) to the first survey. We estimated the number of 
LEMS as 348 (95% CI 247 to 449). The prevalence was 2.7 
(95% CI 1.9 to 3.5) in 1 000 000 population. As a result of 
the second survey, we obtained 30 case records of 16 men 
and 14 women. Fourteen patients (46.7%) had a tumour, 
and 10 out of 14 tumours were small-cell lung carcinoma 
(71.4%). There was a predominance of men in the LEMS 
with tumour (paraneoplastic LEMS, P-LEMS) (n=11, 
78.6%) and women in the LEMS without tumour (a primary 
autoimmune form of LEMS, AI-LEMS) (n=11, 68.8%) 
(p=0.0136). The onset age (mean (SD)) for the P-LEMS 
was 67.1 (9.0), and that for AI-LEMS was 57.8 (11.2) years 
old (p=0.0103). The disease duration (median) for P-LEMS 
was 2 years, and for AI-LEMS was 7.5 years (p=0.0134).
Conclusions  The prevalence of LEMS in Japan is similar 
to that in other countries. There are predominances of men 
in P-LEMS and women in AI-LEMS.

INTRODUCTION
Lambert-Eaton myasthenic syndrome 
(LEMS) is an autoimmune disease that 
targets the P/Q-type voltage-gated calcium 
channel (VGCC) at the motor neuron 
terminal of the neuromuscular junction.1–3 
The classical triad is proximal muscle weak-
ness, decreased tendon reflexes and auto-
nomic dysfunction.4 In addition, about 10% 
of patients show cerebellar signs almost exclu-
sively related to small-cell lung carcinoma 
(SCLC).5 Historically, Drs Lambert and Eaton 
described patients having malignant tumours 
with unique electrophysiological findings.6 7 
Myasthenia gravis (MG) also represents prox-
imal muscle weakness; however, the targets 
of autoimmunity are molecules on the 

postsynaptic membrane.8 Electrophysiolog-
ical testing is used to discriminate LEMS from 
MG.9 The anti-P/Q-type VGCC antibody is a 
diagnostic biomarker for LEMS and is posi-
tive in almost 90% of patients.10 Moreover, 
animal experiments found that patients’ IgG 
was pathogenic to mice’s skeletal muscle.11 12 
Notably, SCLC is associated with LEMS with a 
frequency of 60%.13

An epidemiological study is a fundamental 
approach to understanding the aetiology 
of rare diseases. It also contributes to estab-
lishing healthcare policies for rare diseases 
of unknown aetiology. However, no nation-
wide survey has been performed for LEMS 
in Japan. Thus, we conducted a national 
study following a standard epidemiological 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ The prevalence of Lambert-Eaton myasthenic syn-
drome (LEMS) was estimated at 2.5 in 1 000 000 in 
Netherland and 2.6 in US Veterans. More than 50% 
of LEMS had small-cell lung carcinoma (SCLC).

WHAT THIS STUDY ADDS
	⇒ The prevalence of LEMS in Japan is estimated at 
2.7 in 1 000 000. Of 46.7% of patients had tumours. 
About 33.3% of Japanese LEMS had SCLC. There 
were predominances of men in the LEMS with tu-
mours (paraneoplastic LEMS, P-LEMS) (78.6%) and 
women in the LEMS without tumours (primary auto-
immune form of LEMS, AI-LEMS) (68.8%). AI-LEMS 
had a significantly early onset. The median disease 
duration was significantly longer in AI-LEMS (7.5 
years) than in P-LEMS (2 years).

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE AND/OR POLICY

	⇒ The prevalence of Japanese LEMS is similar to 
those of other countries. Our result suggests that 
AI-LEMS has different immunological backgrounds 
from P-LEMS. Japanese patients with LEMS did not 
receive appropriate medical treatment, namely, low-
er subscriptions of 3,4-diaminopyridine and immu-
nosuppressants, which should be improved.
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protocol14 to estimate Japanese LEMS prevalence and 
clinical features.

METHODS
Study design
We asked physicians at medical departments in Japan to 
fill survey sheets retrospectively based on the medical 
records. A task force of Validation of Evidence-based 
Diagnosis and Guidelines and Impact on Quality of Life 
in Patients with Neuroimmunological Diseases from the 
Ministry of Health, Labour and Welfare (MHLW) of Japan 
designed the diagnostic criteria of LEMS (online supple-
mental table S1). The Japanese Society of Neurology 
approved the diagnostic criteria in 2019. The study group 
followed the Survey Manual of Study on Epidemiological 
Data Collection and Intractable Diseases from the MHLW, 
third edition.14 In addition, this study was performed in 
parallel with a nationwide survey of MG in Japan funded 
by MHLW. We summarise the flow of the study in figure 1.

Protocol approvals, registrations and patient consent
The study centre was performed at the Health Service 
Center of Kanazawa University (Kanazawa, Japan). We 
asked physicians at medical departments to fill the survey 
sheets retrospectively based on the patient records. The 
correspondence tables of the patients were stored in 
medical departments. Therefore, the study centre did not 
know the patients’ identities. Because the study was retro-
spective and collected patient records that did not include 
their identities, written informed consent from patients 
was waived. Instead, we provided posters to the medical 
departments, which announced the ongoing study and 
allowed patients to not be included in the survey.

The first survey
We performed the first survey to estimate the prevalence 
of patients with LEMS. According to the MHLW, the total 
number of medical institutions in Japan in 2017 was 8445 
(https://www.mhlw.go.jp/toukei/saikin/hw/iryosd/​

17/). Online supplemental table S2 shows the number of 
medical departments that were investigated. From these 
departments, our sample consisted of: 100% of university 
hospitals, 100% of hospitals having more than or equal to 
500 beds, 80% of hospitals having 400–499 beds, 40% of 
hospitals having 300–399 beds, 20% of hospitals having 
200–299 beds, 10% of hospitals having 100–199 beds and 
5% of hospitals having less than or equal 99 beds. We 
also selected four hospitals that specialised in neuroim-
munological diseases. One of the authors (YNa) selected 
the candidates randomly and prepared the list of depart-
ments. The total number of departments that received the 
survey sheet by 30 March 2018 was 7545. The survey sheet 
was used to assess the number of LEMS (outpatients and 
inpatients) that visited the medical departments between 
1 January 2017 and 31 December 2017.

The second survey
We sent the second survey sheet and correspondence 
table to the medical departments that responded to the 
first survey. The documents included anonymous case 
records that requested clinical information of patients 
diagnosed with LEMS. In addition, the second sheet 
included questions about patient symptoms, examina-
tions, clinical severities, therapies and other information 
(online supplemental table S3). The correspondence 
tables of the secondary survey were stored in medical 
departments. Therefore, the data used were deidentified 
and anonymised before we had access. We checked the 
duplication of data manually. We also removed incom-
plete patient’s record manually.

Data analysis
We estimated the number of patients by the formulae 
indicated in the survey manual.14 In addition, we calcu-
lated the prevalence rate per 100 000 using the Japanese 
population in 2017 reported by the Statistics Bureau of 
Japan (n=126 706 000; https://www.stat.go.jp/data/​
jinsui/2017np/index.html).

Figure 1  Flowchart of the epidemiological study of LEMS 2018. The study comprises the first study and the second study. 
LEMS, Lambert-Eaton myasthenic syndrome.
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We used the Shapiro-Wilk test to evaluate the distribu-
tion of continuous data in this study. We used Student’s t 
test after examining equal variance to compare the means 
of two normally distributed data, Wilcoxon/Kruskal-
Wallis test to compare the medians of two non-normally 
distributed data, and the χ2 test or Fisher’s exact test for 
categorical data. We used JMP V.16.1.0 (SAS Institute 
Japan) for the statistical analysis. Missing data were kept 
blank.

RESULTS
First survey
Estimated number and prevalence of patients
We received 2708 survey forms from medical departments 
(percentage of replies: 35.9%). As a result, the number 
of LEMS patients for 2017 was 348 (95% CI 247 to 449). 
The prevalence of patients was 2.7 (95% CI 1.9 to 3.5) in 
1 000 000 population.

Second survey
We obtained 30 clinical records from medical depart-
ments (figure  1) consisting of 16 men and 14 women 
(men:women ratio=1:0.88). The mean (SD) of the onset 
age of total patients was 62.2 (11.1) years old. The mean 
(SD) onset age of the men was 63.3 (9.4) years old and 
that for the women was 60.9 (13.0) (p=0.5858, Student’s 
t test) (figure 2). The mean (SD) of onset age of patients 
with tumour was 67.1 (9.0) years old, and that for patients 
without tumour was 57.8 (11.2) years old (p=0.0103, 
Student’s t test) (figure 3).

We compared the P-LEMS and AI-LEMS (table  1). 
Men were predominant in P-LEMS; on the other hand, 
women were dominant in AI-LEMS (p=0.0136, Fisher’s 
exact test). Disease duration was significantly longer in 
AI-LEMS than in P-LEMS (figure 4). The median (IQR) 
for AI-LEMS was 7.5 (5–11.8) and for P-LEMS was 2 
(1–6.3) (p=0.0134). The patients’ symptoms at the time 

of the study were not different from those of the initial 
symptoms (online supplemental table S4). Complications 
of other autoimmune diseases were not remarkable.

SCLC was found in 71.4% of tumours (10/14). A 
family history of LEMS was absent. However, one patient 
had Hashimoto’s disease as a complication and a family 
history of Hashimoto’s disease in her sister and aunt.

A total of 21 (84%) patients were positive for anti-P/Q--
type VGCC antibody (positive: 21/tested: 25) (table 2). 
There was no significant difference in the positivity ratio 
for this autoantibody between P-LEMS and AI-LEMS 
(table 2). The frequency of cerebellar signs was similar 
between the groups, almost identical to a previous 
report.15 The titres of the anti-P/Q-type VGCC antibody 
were not different between P-LEMS and AI-LEMS. Elec-
trophysiological tests were also frequently positive in both 
groups. However, there was no difference in the posi-
tive percentile of laboratory tests between P-LEMS and 
AI-LEMS.

Table 3 shows the patients’ therapeutic status. AI-LEMS 
tended to receive 3,4-diaminopyridine (3,4-DAP) 
frequently. However, overall usage of 3,4-DAP was limited. 
Prednisolone (PSL) usage was lower in P-LEMS; however, 
the frequency was not significantly different. Four (25%) 
AI-LEMS received immunosuppressants (azathioprine, 
tacrolimus). The plasmapheresi was frequent adjunctive 
therapy. The length of hospital stay was not different 
between P-LEMS and AI-LEM (table  4). However, the 
modified Rankin scale was significantly higher in P-LEMS. 
No patients died of LEMS; however, four patients died of 
tumor-associated causes.

DISCUSSION
This study was the first nationwide epidemiological 
survey of LEMS in Japan using a survey manual. The 
prevalence of LEMS was similar to previous reports from 

Figure 2  The onset age of patients. Complete analysis and 
the analyses by sex.

Figure 3  The onset age of patients with or without cancer. 
Patients with cancer were significantly older than those 
without cancer (Student’s t-test, p = 0.0103).
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other countries. An epidemiological study from the Neth-
erlands in 2004 by Wirtz et al reported a prevalence of 
LEMS (95% CI) of 2.5 (1.8–3.4) in 1 000 000 population.16 

Moreover, Abenroth et al reported a prevalence of 2.6 per 
1 000 000 (confirmed cases) in the US Veterans Affairs 
population.17 The prognosis in SCLC is poor, and median 

Table 1  Symptoms and background information of LEMS patients with or without tumour

Tumour (+)
(n=14)

Tumour (−)
(n=16)

P value 
(Fisher’s 
exact test)

Male: female 11: 3 5: 11 0.0136

Initial symptoms

 � Proximal muscle weakness, n (%) 14 (100.0) 13 (81.3) 0.2276

 � Autonomic nervous symptom, n (%) 1 (7.1) 2 (12.5) 1.0000

 � Decreased deep tendon reflexes, n (%) 4 (28.6) 2 (12.5) 0.3778

 � Other symptoms: n (%) 2 (14.3) 7 (43.8)

 � Content of other symptoms (n) 1.	 Blepharoptosis (2)
2.	 Dysarthria, dysphagia

1.	 Blepharoptosis
2.	 Dysphagia
3.	 Dysarthria (2)
4.	 Easy fatiguability
5.	 Dizziness
6.	 Shortness of breath (2)

Current symptoms

 � Proximal muscle weakness, n (%) 10 (71.4) 14 (87.5) 0.3778

 � Autonomic nervous symptom, n (%) 2 (14.3) 5 (31.3) 0.3992

 � Decreased deep tendon reflex 6 (28.6) 6 (37.5) 1.0000

 � Other symptoms: n (%) 2 (14.3) 4 (25.0)

 � Content of other symptoms (n) 1.	 Blepharoptosis (2)
2.	 Ataxia

1.	 Dysarthria
2.	 Ataxia
3.	 Easy fatiguability
4.	 Shortness of breath
5.	 Depression

Cerebellar ataxia: n (%) 3 (21.4) 2 (12.5) 0.6924

Complications of other autoimmune diseases: n (%)

 � Rheumatoid arthritis 0 (0.0) 0 (0.0) N/A

 � Hashimoto’s disease 1 (7.1) 2 (12.5) 1.0000

 � Graves’ disease 0 (0.0) 1 (6.3) 1.0000

 � Systemic lupus erythematosus 0 (0.0) 1 (6.3) 1.0000

Tumours: n (%)

 � Small-cell lung carcinoma 10 (71.4) 0

 � Other tumours 4 (28.6) 0

1.	 Aggressive 
fibromatosis

2.	 Oropharyngeal 
endocrine tumour

3.	 Mixed tumour of 
lung squamous cell 
cancer and mucinous 
adenocarcinoma

4.	 Lung cancer suspected

NA/.

Family history: n (%)

 � LEMS 0 (0.0) 0 (0.0)

 � Other autoimmune disease 0 (0.0) 1 (6.3)

LEMS, Lambert-Eaton myasthenic syndrome; N/A, not applicable.
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survival without treatment has been reported as 2–4 
months.18 Therefore, our methodology may have a lower 
prevalence estimation.

LEMS is classified into two categories: LEMS with 
tumour (paraneoplastic LEMS: P-LEMS) and LEMS 
without tumour (a primary autoimmune form of LEMS: 
AI-LEMS). Titulaer et al reported that 54% of patients 
with LEMS had SCLC.19 Moreover, studies reported that 
men were predominant in LEMS with SCLC.20–22 In the 
present study, we found SCLC in 10 out of 30 patients 
with LEMS (33.3%), and 80% of patients with SCLC were 
men. A previous study with a larger sample size (n=97 
patients) by Titulaer et al5 reported that the median age 
at onset of P-LEMS (with SCLC) was 59.5 years old, and 
that of AI-LEMS was 54 years old. On the other hand, 
our study indicated a significantly younger onset age in 

AI-LEM. A previous study reported a significant predomi-
nance of males in P-LEMS, and that the men and women 
ratio was similar in AI-LEMS.5 However, the present 
study showed male predominance in P-LEMS and female 
predominance in AI-LEM. In Japan, overall smoking 
prevalence (25–64 years) decreased from 56.0% to 38.4% 
among men and 17.0% to 13.0% among women from 
2001 to 2016.23 Therefore, the proportional changes 
in sex in P-LEMS and AI-LEMS might be attributed to 
the demographic change in the smoking population, a 
primary risk factor for SCLC. In addition, LEMS often 
manifested prior to SCLC diagnosis. Therefore, we have 
to follow AI-LEMS up for SCLC for years. LEMS is strongly 
associated with SCLC. We found four patients of LEMS 
had tumours other than SCLC (aggressive fibromatosis, 
oropharyngeal endocrine tumour, mixed tumour of lung 
(squamous cancer and mucinous adenocarcinoma), lung 
cancer suspected). We cannot exclude the possibility of 
coincidence of these tumours with LEMS.

Our diagnostic criteria for LEMS followed Titulaer 
et al,4 modifying the 60% increment rate of compound 
muscle action potentials (CMAPs) after maximum volun-
tary contraction or at high frequency (50 Hz), as Oh et 
al proposed a 60% increment of CMAP as the diagnostic 
criteria to include seronegative LEMS.24 Sixty per cent 
increment of CMAP includes false-positive diagnosis; 
however, a cut-off of 100% improves specificity at the 
expense of sensitivity. Therefore, we have to consider the 
appropriate cut-off for increment. The proximal muscle 
weakness in AI-LEMS was 81.3% in initial symptoms. 
However, we did not exclude 18.7% of patients from 
the diagnosis of LEMS. This diagnostic policy is because 
we could not see the patients nor check every patient’s 
medical record. Therefore, we admit that the diagnostic 
process allows individual biases of physicians. According 
to our diagnostic criteria, the definite LEMS was 16, and 
the probable LEMS was 4 out of 30 patients.

Our study did not find any differences between P-LEMS 
and AI-LEMS in frequencies of initial symptoms, current 

Figure 4  Disease duration (years) of P-LEMS and AI-LEMS. 
Overlapping of the box, scatter and violin plots. The disease 
duration of AI-LEMS was significantly longer than P-LEMS 
(Wilcoxon/Kruskal-Wallis test, p=0.0134). LEMS, Lambert-
Eaton myasthenic syndrome; P-LEMS, paraneoplastic LEMS; 
AI-LEMS, a primary autoimmune form of LEMS.

Table 2  Laboratory tests of LEMS patients with or without tumour

With tumour
(n=14)

Without tumour
(n=16) P value

P/Q-type VGCC antibody (n-positive /n-tested, %) 10/11 (90.9) 11/14 (78.6) 0.6043*

P/Q-type VGCC antibody titre (nmol/L), median (IQR) 139 (64–242) 65 (28–152) 0.1299†

Electrophysiological tests

 � Decreased amplitude of first CMAP
 � (n-decreased/n-tested (%))

11/13 (84.6) 14/16 (87.5) 1.0*

 � Waning at low frequency (2–5 Hz) stimulation(n-positive/n-tested 
(%))

11/13 (84.6) 12/16 (75.0) 0.6828*

 � Waxing after 10 s maximum contraction or high frequency 
stimulation (20–50 Hz) (n-decreased/n-tested (%))

11/12 (91.7) 16/16 (100.0) 0.4286*

*Fisher’s exact test.
†Wilcoxon/Kruskal-Wallis test.
CMAP, compound muscle action potential; LEMS, Lambert-Eaton myasthenic syndrome; VGCC, voltage-gated calcium channel.
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symptoms, cerebellar ataxia, anti-P/Q-type VGCC anti-
bodies and electrophysiological findings. In the present 
study, the two groups shared similar clinical and labora-
tory findings; thus, our findings suggest the necessity of 
radiological examinations to identify tumours in patients 
with LEMS. On the other hand, the sex ratio and onset 
ages differed between P-LEMS and AI-LEMS; thus, there 
may be some aetiological differences between these two 
conditions.

There were no statistical differences in the selection of 
medicines between the LEMS with tumour and without 
tumour groups. However, overall usage of 3,4-DAP was 
limited compared with previous reports.25 In Japan, there 
is no available medicine for 3,4-DAP. Therefore, we must 
use a chemical reagent of 3,4-DAP to treat LEMS after a 

particular application and approval. The lack of commer-
cially available medicine prevents physicians from 
subscribing to 3,4-DAP for patients with LEMS. Therefore, 
we have to change this situation. We also noticed that the 
use of PSL and immunosuppressant is few in P-LEMS. We 
think that was because of the reported improved survival 
of SCLC with LEMS compared with SCLC alone.26–28 As 
P-LEMS was more severe symptoms than AI-LEMS, we 
could treat P-LEMS more aggressively.

The limitation of this study was the relatively small 
number of recovery in the second survey after the first 
survey (30/348, 8.6%). In addition, this study is the first 
nationwide epidemiological study; therefore, we have no 
data to compare in Japan. Therefore, we should repeat 
the nationwide study periodically. Before this study, 

Table 3  Therapies of LEMS patients with or without tumour

With tumour
(n=14)

Without tumour
(n=16) P value

Therapies n (%)

 � 3,4-diaminopyridine (DAP) 3 (21.4) 9 (56.3) 0.0717*

 � AChEI 8 (57.1) 12 (75.0) 0.4421*

 � PSL 2 (14.3) 7 (43.8) 0.1184*

 � Maximum amount of PSL
 � median (IQR)

40 (30–50)) 25 (20–30) 0.2316†

 � Immunosuppressant 0 (0.0) 4 (25.0)

1.	 Azathioprine x2
2.	 Tacrolimus x2

 � Steroid pulse therapy 3 (21.4) 2 (12.5) 0.6424*

 � Plasmaphereesis 14 (100) 14 (87.5) 0.4851*

 � IVIg 6 (42.9) 5 (31.3) 0.7065*

*Fisher’s exact test.
†Wilcoxon/Kruskal-Wallis test.
AChEI, acetylcholine esterase inhibitor; LEMS, Lambert-Eaton myasthenic syndrome; PSL, prednisolone.

Table 4  Prognosis of LEMS patients with or without tumours

With tumour
(n=14)

Without tumour
(n=16) P value

Prognosis

 � Length of hospital stay (months) 2.5 (0.6–4.1) 1.5 (1–5.3) 0.9586*

 � mRS at the final visit 3.5 (2.3–4) 2 (2–3) 0.0329*

 � Exacerbation n-yes/n-total (%) 6/11 (54.5) 9/12 (75.0) 0.4003†

 � Death 4/10 (40.0) 1/14 (7.1) 0.1222†

 � LEMS 0 (0.0) 0 (0.0)

 � Others 1.	 Nasopharyngeal cancer brain 
metastasis

2.	 Tumour
3.	 Renal failure
4.	 Unknown

1.Unknown

*Wilcoxon/Kruskal-Wallis test.
†Fisher’s exact test.
LEMS, Lambert-Eaton myasthenic syndrome.
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we established the diagnostic criteria and the classifica-
tion of disease severity, contributing to this study’s reli-
ability. Our survey is based on the patients with LEMS 
who visited the medical departments from 1 January 
2017 to 31 December 2017. Therefore, there is a possi-
bility that we missed deceased patients of P-LEMS in this 
study, and those affected our P-LEMS estimation with our 
methodology.

This study revealed the clinical features of LEMS in 
Japan. In addition, a nationwide periodical survey will 
contribute to understanding LEMS and help improve the 
treatment and welfare of patients.
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