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Introduction

Lambert-Eaton myasthenic syndrome (LEMS) is a rare autoimmune disease characterised 
by proximal muscle weakness, loss of tendon reflexes and autonomic dysfunction.1 
Autoantibodies against P/Q-type voltage-gated calcium channels (P/Q-type VGCC, also 
classified as Cav2.1), located presynaptically on the neuromuscular junction are presumed 
to be pathogenic.2;3 Because of the rare nature of the disease, an initial misdiagnosis is 
common, if recognized however multiple effective treatment options are available.4 Once 
a LEMS diagnosis is considered, a diagnosis be confirmed relatively easy using serology 
(VGCC antibodies) and repetitive nerve stimulation.4 Another important implication after 
diagnosis is the presence of small cell lung cancer (SCLC) in about 50-60% of patients.1;5;6 
Diagnosis of LEMS usually precedes diagnosis of SCLC by several months, thus prompting 
vigorous tumour screening.7;8

The first clinical description of this syndrome characterized a male patient with progressive 
muscle weakness and small cell lung cancer, showing marked improvement after removal 
of the tumour.9 Lambert, Eaton and Rooke subsequently reported the first case series with 
typical clinical manifestations and specific electrophysiological abnormalities in these 
patients.10 Further reports showed a strong association of LEMS with small cell lung cancer 
in a majority of patients.1;11 This association was elucidated by the presence of VGCC 
antigens in SCLC cell lines and inhibition of Ca2+ flux in these cells upon exposure to IgG 
from LEMS patients.12;13 These findings suggest immunization by the tumour as the cause 
of the disease in patients with both SCLC and LEMS.

Epidemiology

LEMS is a rare disorder that can occur at all ages and affects both men and women. A 
bimodal distribution of age at onset in non-tumour associated LEMS can be observed, as 
is the case in myasthenia gravis. A first peak in the prevalence is observed around 35 years 
of mostly female patients and a second, higher peak is seen around an age of 60 years. 
The youngest patients with a SCLC are around 35, and their frequency increases with age. 
Almost all are smoking, and predominantly male patients.14

In an epidemiological study from the Netherlands, a yearly incidence of 0.75 per million 
and a prevalence of 3.42 per million is reported, which seems to increase due to improved 
recognition of this rare disease.4;15;16 Large studies in SCLC patients suggest that 1-3% of 
these patients have LEMS, which would result in a higher incidence and suggest that 
careful evaluation of SCLC patients might reveal more cases of this treatable disease.17;18  

Pediatric cases of LEMS have also been described, starting at an age of 9 years.19;20 These 
patients seem to have comparable symptoms and signs, also presenting with proximal leg 
weakness and frequently showing typical electrophysiological abnormalities and VGCC 
antibodies.
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Immunogenetic factors could have an important role in development of LEMS in patients 
without an associated tumour. An increased frequency of other autoimmune diseases 
is found in these patients and their families.1;21 Production of certain cytokines in family 
members of these patients has been reported to differ from the healthy population as 
well, which might confer susceptibility for the disease.22 A significant association has 
been described with the HLA B8-DR3 haplotype, especially in young female patients.23;24 
This HLA 8.1 ancestral haplotype is present in about 10-20% of the healthy population 
in Western countries and is associated with 17 autoimmune diseases, also including 
myasthenia gravis.25;26 Of note, the frequency of HLA B8-DR3 in female patients with early 
onset of both MG and LEMS are comparable, suggesting a common genetic pathway for 
predisposition to these related autoimmune diseases.14

Pathophysiology

About 90% of LEMS patients have autoantibodies against presynaptic P/Q-type (Cav2.1) 
voltage gated calcium channels, which are presumed to be pathogenic.5;27;28 The target 
of these IgG antibodies, the P/Q-type VGCC, is present at the neuromuscular junction 
and autonomic nervous system as well as in SCLC tumour cells.12;29 At the neuromuscular 
junction, this protein complex is necessary for Ca2+-dependent neurotransmitter release 
(Figure 1).

Figure 1. Pathophysiology of the Lambert-Eaton myasthenic syndrome. 
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Depolarisation of the presynaptic nerve terminal results in fusion of synaptic vesicles with 
the membrane, followed by release of the neurotransmitter acetylcholine (ACh) from 
these vesicles. ACh consecutively binds to acetylcholine receptors, ultimately leading to 
contraction of the muscle fibre. In LEMS, antibodies to P/Q-type voltage gated calcium 
channels cause internalisation of these channels and therefore block calcium influx, leading 
to a decrease in release of ACh vesicles, which results in a decrease of ACh supply to the 
postsynaptic membrane. Voltage-gated potassium channels (VGKC) can be blocked by 
treatment with 3,4-diaminopyridine, which prolongs depolarisation presynaptically. This 
prolonged depolarisation increases Calcium influx, even though less functional calcium 
channels are available, resulting in improved ACh release and ultimately improving 
neuromuscular transmission and muscle strength.

Proof of an autoimmune origin of LEMS can be derived from presence of these antibodies, 
improvement upon antibody removal; and several models for passive and active transfer 
of disease. Passive transfer of LEMS IgG in mice results in decreased quantal content and 
other electrophysiological abnormalities compatible with a presynaptic neuromuscular 
transmission defect.30;31 Animal models have shown active immunization with α1 subunits 
of P/Q-type VGCC can result in muscle weakness and electrophysiological features 
characteristic of LEMS.32 Transfer of antibodies from affected mother to neonate has also 
been described and can result in transient neonatal weakness.33;34 Removal of antibodies, 
most directly and effectively by plasma exchange can dramatically increase LEMS 
symptoms, which also supports a humoral factor to cause the disease.35 Additionally, 
effect of immunosuppressive treatment such as prednisone and IVIG has been described 
in both seropositive and seronegative LEMS patients.36;37

Biopsies of intercostal muscles established the localisation of abnormalities in LEMS to 
be presynaptic, resulting in a decrease of acetylcholine (ACh) quanta (release packages) 
after a nerve impulse.38;39 Freeze-fractured presynaptic membranes, as imaged by 
electron microscopy, from mice treated with purified LEMS IgG showed a depletion and 
aggregation of active zone particles, which are presumed to represent VGCCs.3 VGCCs at 
the active zone of the neuromuscular junction are necessary for Ca2+ influx after a nerve 
impulse, which facilitates release of the neurotransmitter ACh from synaptic vesicles. 
These active zone particles are normally arranged in double parallel rows 16-21 nm apart, 
close enough for both Fab arms of an antibody to bind two antigens at once, i.e. cross-
linking. Passive transfer experiments have shown both LEMS IgG and divalent antibody 
fragments, but not monovalent (Fab) fragments, can affect neuromuscular transmission.40 
Taking these findings together, it is likely that IgG antibodies from LEMS patients cross-
link P/Q-type VGCCs, leading to internalisation of these VGCCs necessary for ACh release. 
Only very recently, the pathogenic relevance of P/Q-type VGCCs has been shown in a 
more direct approach. LEMS IgG was shown to decrease action potential-evoked synaptic 
vesicle exocytosis in cultured neurons, measured by a fluorescent dye in synaptic vesicles.2 
No such effect was shown in knockout mice neurons lacking P/Q-type VGCCs, even in 
presence of patient antibodies against N-type VGCCs.

A direct blocking effect, or competitive binding of autoantibodies is less likely, since 
conductance of single channels remained intact following exposure to LEMS.41 The 
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effects of LEMS IgG also seems to be independent of complement activation, because 
passive transfer experiments induce the same electrophysiological abnormalities in C5-
deficient mice and after C3 depletion by cobra venom factor.30;42 Apart from an apparent 
dysfunction in regulatory T cells, the role of the cellular immune response is mostly 
unknown.43 A major role seems unlikely, since passive transfer of IgG is enough to induce 
disease in several models.

The several types of VGCCs present in neurons, skeletal and cardiac muscle have a common 
basic structure, consisting of multiple subunits, of which multiple isoforms exist.28;44 The 
α1 subunit isoform determines the subtype of a calcium channel and contains the ion 
conducting pore and voltage sensor. Autoantibodies from LEMS patients are likely to 
target the α1A subunit, which confers the P/Q-type VGCC phenotype.45 Linker regions 
between domains of this subunit are exposed extracellularly and are proposed to be the 
main immunogenic target.46;47 Both immunoblots and cytological studies have shown 
that patient antibodies can also target other VGCC subunits, including other α1 isoforms 
and the intracellular  β subunit.48-50 The relevance of antibodies to these subunits for the 
pathophysiology or disease course remains unclear and might solely result from epitope 
spreading later in the disease course.

Patient antibodies have also been shown able to block Ca2+ influx through voltage-
gated calcium channels in SCLC cell lines.13 Presence of VGCCs in these tumour cells are 
likely to trigger or be part of an anti-tumour immune response, which ultimately leads to 
VGCC autoantibodies and muscle weakness since the exact same antigen is present in 
both tumour and motor nerve terminal. Cross-linking is relevant in the tumour as well, 
since divalent but not monovalent antibody fragments can also affect Ca2+ flux in SCLC 
cells.40 These antibodies are also likely to cause autonomic dysfunction, since passive 
transfer of LEMS IgG was shown to impair neurotransmitter release from sympathetic and 
parasympathetic neurons.29

In LEMS patients without associated tumour, the trigger for the autoimmune response 
remains unclear. The HLA association and increased frequency of other autoimmune 
diseases in patients and their families suggest these patients are predisposed to 
development of autoimmune diseases in general.

Overall, the immunopathogenesis of LEMS has several overlapping features with 
myasthenia gravis.51 In both autoimmune diseases, IgG autoantibodies are responsible for 
cross-linking and internalisation of cell surface protein complexes. Both can also occur in 
the same immunogenetic background, i.e. association with HLA 8.1 haplotype, and as a 
paraneoplastic phenomenon.25

The antigenic target in 10% of LEMS patients who are seronegative mostly remains unclear. 
Several other antibodies have been detected in both seropositive and seronegative LEMS 
patients, which do not necessarily have to be of pathogenic relevance, but could also result 
from epitope spreading during the course of the disease.51 Autoantibodies to another 
presynaptic protein, synaptotagmin I, have been detected in some patients.52 This protein 
is present in both SCLC cells as well as at presynaptic active zones, where it is implicated 
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in fast ACh release. Immunization of rats resulted in electrophysiological abnormalities 
comparable to those seen in LEMS models. Another candidate antigen against which 
antibodies are detected is the M1-type muscarinic acetylcholine receptor. This receptor 
is also present extracellular at the motor nerve terminal and could play a role as part a 
compensatory mechanism for the impaired Ca2+ entry.53 ERC1 (also known as ELKS) is 
another presynaptic active zone protein that has been reported as an antigen, which is 
however located intracellularly and therefore unlikely to be of pathogenic relevance.51

Tumour Association

An associated tumour is found in about 50-60% of patients with LEMS. By far the most 
frequently associated tumour is small cell lung cancer.1;5;6 SCLC accounts for approximately 
15% of pulmonary tumours and belongs to the group of neuroendocrine lung tumours. 
It is an aggressive disease with a median survival of only 10 months.54 SCLC is a very 
immunogenic tumour, resulting in an association with several paraneoplastic neurological 
autoimmune syndromes in SCLC patients.55 Many of the SCLC-associated auto-antigens 
are expressed in the nervous system, constituting both intracellular and cell surface 
targets for an immune response.56 A SCLC cell line derived from a LEMS patient has shown 
that several proteins involved in exocytosis in motor nerve terminals, including P/Q-type 
VGCCs, can be present in these tumour cells.12 Exocytosis of transmitters such as serotonin 
in SCLC cells partly depends on VGCCs and can actually be influenced by co-incubation 
with LEMS serum.57

Besides SCLC, association with multiple other tumours have also been reported, although 
the association is less clear since some of these tumours could have arisen by chance. A 
neuroendocrine pathology or temporal relation of tumour activity with LEMS symptoms 
can strengthen the likelihood of association in individual cases. For non-small cell lung 
cancer, the pathological differentiation with SCLC can be difficult in some cases, with 
an overlap in expression of cell surface markers and other characteristics.58 As a marked 
example of this overlap, VGCC expression has been reported in lung adenocarcinoma 
in two cases, suggesting NSCLC to be a likely trigger for the paraneoplastic syndrome 
in some patients.59;60 Prostate carcinoma can also show neuroendocrine characteristics, 
making a direct association more likely.61 Lymphoproliferative disorders are also reported 
to be associated, although most of the cases lack a temporal relation or supporting 
neuroendocrine pathology, therefore a causal relation is less certain.62 4

Tumour screening
Diagnosis of LEMS usually precedes diagnosis of an associated SCLC (in 94% of cases).8 The 
presence of an underlying SCLC causing LEMS is of uttermost importance and therefore 
discriminating SCLC-related LEMS from LEMS without tumour as well. In patients with 
associated SCLC, specific symptoms are no different from patients without associated 
tumour. However, a more progressive course of the disease has been described in patients 
with SCLC, in whom the same symptoms develop earlier in the course of the disease.6;63 
Smoking and weight loss are also related to SCLC-related LEMS. Antibodies against 
SOX, member of a family of developmental transcription proteins present in both the 
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developing nervous system and SCLC, are also highly specific for SCLC-related LEMS.64-66 
Combining all individual risk factors, the DELTA-P score was developed and validated to 
determine the risk of SCLC in an individual patient. It combines bulbar symptoms, erectile 
dysfunction, age at onset, smoking at onset of symptoms, weight loss and Karnofsky 
performance score, all within 3 months of disease onset with very high sensitivity and 
specificity.67

Regardless of the DELTA-P score, all patients should undergo tumour screening after LEMS 
diagnosis. Chest CT scans have been shown to be clearly superior for tumour detection 
compared to chest X-rays.8 If negative, FDG-PET scan also has additional value for screening 
as is the case in other paraneoplastic neurological syndromes.68 In case of an associated 
SCLC, the tumour is detected in 91% of patients within 3 months and in 96% within a year.8 
A time interval longer than 2 years has been mentioned in the literature, but is unlikely to 
occur with the current quality of screening modalities. In the authors’ opinion, screening 
using chest CT and/or FDG-PET should be repeated at least once after 6 months in low risk 
patients  (DELTA-P score of 0 or 1), and repeated every 6 months until 2 years after LEMS 
diagnosis in all others. High-risk patients (DELTA-P 3-6) should have repeated screening 
within 3 months after diagnosis as well, since the tumour is most likely to be detected in 
this period.4

Tumour survival
A profound improved survival has been observed for SCLC patients with LEMS, which may 
be due to the fact that the antibodies target an extracellular accessible antigen. Three 
studies report a significantly prolonged median survival of 17, 20 or 24 months in SCLC-
LEMS patients, compared to 10 months in SCLC patients without this paraneoplastic 
disease.17;18;69 Three year survival was improved from 2% to 33% in one study (Figure 2).14 A 
paraneoplastic neurological syndrome known to be associated with tumours may lead to 
early screening and tumour detection while in fact it does not change the normal course 
of the cancer (lead-time bias). Alternatively, the paraneoplastic syndrome could be part 
of an ongoing anti-tumour immune response that is truly successful in retarding tumour 
growth. Supporting this concept are cases with anti-Hu syndrome, another paraneoplastic 
neurological disorder associated with SCLC, in whom spontaneous remission of proven 
lung tumours have been described.70;71 However, a biochemical explanation for this 
survival advantage and relevance of either cellular of humoral immunity in this anti-
tumour immune immune response remain to be elucidated.
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Figure 2. Tumour survival
Survival curve for LEMS patients with SCLC compared to SCLC patients without LEMS Censored cases of surviving 
patients or patients lost to follow-up are indicated by crosses. Based on reference Wirtz et al., 2005, reprinted 
with permission from Titulaer et al., 2008.14;17

Clinical manifestations

The typical clinical triad of symptoms and signs consists of proximal muscle weakness, 
low or absent tendon reflexes and autonomic dysfunction.1;4 Muscle weakness almost 
invariably starts in the upper legs, both severity and distribution of affected muscle 
groups frequently spread over the first months to years of the disease. As in myasthenia 
gravis (MG), weakness usually progresses to other muscle groups. These include the arms, 
feet and oculobulbar muscles causing ptosis, diplopia and dysarthria. However, in LEMS 
weakness generally spreads in caudocranial direction, while in myasthenia gravis it usually 
spreads in the opposite direction.72 

Regardless of the specific muscle groups affected, fluctuations occur both over the day 
and between days to weeks. Many patients report an increase in weakness in the course 
of the day, after prolonged exercise and sometimes also worsening of symptoms in hot 
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weather or a hot bath.1 Upon examination, augmentation of strength can be shown 
during the first few seconds of muscle contraction. After prolonged contraction, fatigue 
starts and weakness increases again. Also,  discrepancies can be present between the 
reported functional impairment and limited objective weakness, which can contribute to 
misdiagnosis.

Frequency of symptoms at onset and during the disease course are presented in Table 1.

Frequency of symptoms At onset During disease course

(< 3 months)
Limb Weakness 100

proximal leg 93 100
distal leg 32 46
proximal arm 55 78 - 82
distal arm 29 54
muscle pain or stiffness 5 12 - 36

Bulbar weakness 39 70
dysarthria 31 24 - 64
swallowing 24 24 - 46
chewing 20 16 - 32
neck 22 14 - 39

Ocular weakness 35 57
ptosis 24 28 - 46
diplopia 26 5 - 50

Autonomic 80
dry mouth 56 31 - 78
dry eyes 19 29 - 36
constipation 14 11 - 30
male impotence 56 4 - 65
miction difficulties 13 29
blurred vision 3 - 10
impaired sweating 5 4 - 7

Respiratory failure rare cases 5 - 11
Cerebellar ataxia 6 9

Table 1. Frequency (in %) of symptoms at onset and during the entire disease course. Estimated frequencies 
and variation are based on a single large study for symptoms at onset; and for multiple large case series and 
reviews for the entire disease course.1;5-7;67;78

Limb weakness
Muscle weakness usually starts in the proximal leg muscles, resulting in difficulty climbing 
stairs or walking uphill as a presenting symptom in many patients.1;6 As in myasthenia 
gravis, muscle weakness can be fluctuating, usually worsening as the day progresses. 
Weakness in proximal arm muscles usually follows in the first year after onset, distal 
muscles are less frequently involved.6 Limb weakness is usually symmetrical, although 
minor asymmetry is possible. In our experience, the most frequently involved muscle 
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groups include the iliopsoas, quadriceps, leg abductors and gluteus muscles in the legs 
and deltoid muscles in the arms, although this has not been formally studied.

Although a sensation of fatigue in the affected limb muscles is common, muscle ache or 
stiffness is usually not a frequent or predominant symptom. 

Oculobulbar muscle weakness
Both the extra-ocular muscles (resulting in ptosis, diplopia) and bulbar muscles (speech, 
swallowing, chewing) can be involved in LEMS, as is the case in MG. Ptosis can be more 
symmetrical as compared to MG (personal observations). Oculobulbar muscles are usually 
affected to a milder degree than in MG and usually appear later in the disease course, 
but otherwise follow a comparable pattern of symptoms.1;72 Prominent bulbar weakness 
however should alert the clinician for the possibility of respiratory muscle weakness.

Respiratory muscle weakness
As in myasthenia gravis, respiratory muscles can be affected, ranging from mild 
diaphragmatic weakness detected by respiratory pressure measurements to respiratory 
failure requiring ventilation.73 In several of the ventilated patients, respiratory muscle 
weakness was provoked by muscle relaxant drug or general anesthesia.1;74 In rare patients, 
spontaneous respiratory failure can be the presenting symptom, usually following a short 
history of undiagnosed generalized weakness.75;76 Respiratory weakness can respond well 
to both symptomatic treatment and immunosuppression.75-77

Autonomic dysfunction
The most common autonomic symptoms are impotence (for men) and dry mouth, 
occurring in up to 60 and 80% of patients respectively.1;78 Other frequent symptoms 
include dry eyes, constipation and micturition problems. Even in cases in whom symptoms 
are not directly reported, autonomic function testing can show abnormalities in almost all 
patients.79 Orthostatic hypotension can occur but is not as frequent or debilitating as in 
other neurological diseases with autonomic dysfunction.

Low or absent tendon reflexes
LEMS patients frequently show decreased or absent tendon reflexes, initially often 
limited to the lower limbs.1;5 After voluntary contraction, tendon reflexes can reappear 
for a short while. This phenomenon is called facilitation and is present in a minority of 
patients, but still useful since it is pathognomonic for LEMS.80 Facilitation is also relevant 
for the neurological examination, in which tendon reflexes should be tested after a short 
period of rest to prevent masking of lowered tendon reflexes. Although less frequently 
studied, decreased reflexes seem to be present in the autonomic nervous system as well, 
as recorded by abnormal pupillary responses to light in an minority of patients.81;82

Other symptoms
Cerebellar ataxia can also be seen in a small portion of LEMS patients, especially in cases 
with associated small cell lung cancer.1;6 Antibodies to P/Q-type VGCC can however also 
be present in SCLC patients with paraneoplastic cerebellar degeneration but without 
LEMS (Mason 1997 Brain); and can cause ataxia in an mouse model.83;84 Therefore, it 
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remains unclear whether this is a LEMS-specific symptom or an overlap with another 
paraneoplastic neurological disease.

Weight loss can also be an early symptom, but is mostly present in tumour cases and 
therefore less likely to result from LEMS itself.4

Disease course
Most patients report a fluctuating but progressive course of the disease over the first 
few months or years of the disease, up to diagnosis and treatment. Upon increasing 
severity, distribution of affected muscle groups can spread to more distal muscles, 
oculobulbar and respiratory muscles. Severity of weakness can fluctuate, as in patients 
with myasthenia gravis.1;4 As in other autoimmune diseases, infections can temporarily 
aggravate symptoms, usually for a few days to weeks. After start of treatment, the disease 
is usually more stable. 

In a long term follow-up study of LEMS patients without a tumour, a variable prognosis 
was reported.85 Sustained clinical remission was achieved in 43%, mostly with 
immunosuppression. About a quarter of patients remained (at least partly) wheelchair-
dependent at follow-up, despite adequate treatment including immunosuppression. In 
patients with associated SCLC, survival is dependent on the tumour, although prompt 
tumour treatment can greatly improve LEMS symptoms.86

Electrophysiology

Repetitive nerve stimulation
Repetitive nerve stimulation (RNS) in LEMS patients typically shows a triad of abnormalities 
(Figure 3)87-89:

• Low initial CMAP amplitude

• Abnormal decrement (>10% ) upon low rate RNS

• Abnormal increment (>60%) upon high rate RNS or directly after voluntary 
contraction.
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Figure 3. Repetitive nerve stimulation

Results for repetitive nerve stimulation studies in the hypothenar muscle are presented at 
low rate (3 Hz) and high rate (30 Hz) stimulation. Representative CMAP amplitudes after 
trains of 10 stimuli are shown for a healthy control, a patient with MG with acetylcholine 
receptor antibodies and in a patient with LEMS. Percentages represent changes from 
baseline CMAP amplitude. Abnormal decrement (> 10%) is present in both MG and 
LEMS. Significant increment (> 60%) after high rate repetitive nerve stimulation and 
after voluntary contraction can only be found in patients with LEMS, in MG and healthy 
subjects at maximum a low percentage (<60%) of increment can be detected. (Courtesy 
to prof. Gert van Dijk for providing these figures).

The underlying mechanism for this triad of abnormalities can be deduced from the 
pathophysiology. The low initial CMAP amplitude, in response to a single supramaximal 
nerve stimulus, represents the basic presynaptic defect of ACh release, resulting from 
decreased Ca2+ influx through VGCCs. At low rate repetitive nerve stimulation, the CMAP 
amplitude decreases (decrement) as ACh release is reduced further because of depletion 
of immediately available presynaptic ACh vesicles, resulting in a decrease of responding 
muscle fibres. High rate stimulation and voluntary contraction increase Ca2+ at the motor 
nerve terminal, which enables increased ACh release, resulting in an increase of the CMAP 
amplitude (increment). 
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Decrement can be found in 94-98% of patients and can usually be detected in multiple 
muscles.88;89 Since even clinically not affected muscles can show decrement, the choice of 
muscle is not as critical as in MG and testing of hypothenar muscles, requiring the least skill, 
is often sufficient. Increment after high rate RNS (30-50 Hz) or 10 to 30 seconds of maximal 
voluntary contraction is a slightly less frequent finding (85-96%) in LEMS patients, but 
highly specific if performed adequately.1;88;89 Abnormal increment has historically been 
defined as an increase of 100% from baseline.90 The authors support the more recently 
suggested change to a cut-off of 60% increment, as this increases sensitivity without losing 
much on specificity, in both a previous study and our own observations.88 The  increase of 
the CMAP amplitude is in fact a recovery of the decreased CMAP amplitude. The increment 
is commonly expressed in percentages of the initial CMAP, whereby a threefold increase 
from 2 to 6 mV is reported as “200% increment”. However, the CMAP can never exceed the 
normal values for the muscle that is being tested. Thus, an increment of 200% implies that 
the original CMAP was only one-third or lower of the normal value for that muscle.

The curve for the consecutive CMAP amplitudes upon low rate RNS also differs from the 
curve in MG and can therefore be helpful in the distinction between the two diseases.91;92 
In MG, the curve usually drops to a minimum around the 5th stimulus, while the amplitude 
continues to drop up to the end of the (usual) train of 10 stimuli in LEMS (Figure 3).93 
After the initial facilitation of CMAP amplitude after exercise, a worsening decremental 
response can occur a few minutes later, which is known as post-exercise exhaustion.94 
This phenomenon is of limited diagnostic importance in LEMS, but might explain part 
of the electropathophysiology. Since patients can also report an initial short increase in 
strength, followed by increasing weakness in minutes, post-exercise exhaustion might 
come closest to explaining the easy fatigability in LEMS patients.

Single fibre electromyography
Single fibre electromyography (SFEMG) shows increased jitter values and blocking in 
LEMS, at a rate usually exceeding abnormalities found in MG.95;96 Various jitter parameters 
have also been shown to improve with clinical improvement.95 However, few studies 
have characterised specificity of SFMEG and the ability to distinguish between LEMS and 
other myasthenic syndromes, which is theoretically possible but remains difficult.96 For 
these reasons, as well as the special training required for adequate SFEMG and the high 
sensitivity of abnormal decrement, RNS remains the electrophysiological investigation of 
choice.87

Serology

Antibodies to P/Q-type VGCC are detected in 85-90% of patients, this percentage is 
even higher in LEMS patients with associated SCLC.5;27;28 The most frequently used 
diagnostic assay is based on immunoprecipitation of VGCC antibodies in patients’ sera 
with solubilised VGCCs, extracted from mammalian brain tissue and complexed with 
125I-labelled ω-conotoxin MVIIC, a toxin from cone snails specific for this type of VGCC.27;28
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Although the results are reasonably specific for LEMS when using a relevant patient 
selection with clinical suspicion of LEMS, these antibodies can also be found in lower 
titres in up to 5-8% of SCLC patients, mostly without corresponding symptoms.17;97;98 
These antibodies can also be present in serum and CSF of patients with paraneoplastic 
cerebellar degeneration, usually also related with SCLC.83 The overlap in associated 
antibodies is likely to be related to the presence of the same P/Q-type VGCC subtype in 
the neuromuscular junction as well as the cerebellum.

N-type VGCC have also been reported in 30-40% of  LEMS patients, mostly in patients 
who also have P/Q-type VGCC.99;100 N-type channels do not normally play a role in 
neuromuscular junction, but are relevant for the autonomic nervous system also affected 
in LEMS.78 A specific pathogenic relation between these antibodies and autonomic 
symptoms has however not been described as of yet.

In rare LEMS patients, antibodies to acetylcholine receptors can be found. These antibodies 
can occur in typical LEMS patients (low reflexes, autonomic dysfunction and increment), 
possibly occurring as a result of epitope spreading.101 Presence of these antibodies or 
conflicting electrophysiology results sometimes leads to a diagnosis of MG-LEMS overlap 
syndrome, although in the view of the authors and others, frequently a preferential 
diagnosis can be made based on initial and predominant symptoms.101;102

Diagnosis

A diagnosis of Lambert-Eaton myasthenic syndrome is based on:4

• Typical clinical features of fatigable muscle weakness starting predominantly in the 
legs, low or absent reflexes and autonomic dysfunction; and

• At least 1 abnormal additional investigation:

• Serology: presence of VGCC antibodies

• Electrophysiology: presence of at least 10% decrement upon low rate repetitive 
nerve stimulation and increment of 60% at high rate stimulation or directly after 
10-30 seconds of voluntary contraction. 

Because of the rare nature of the disease, about 50 - 60% of patients are initially 
misdiagnosed.4 MG is the most common initial diagnosis in these patients. Clinically, 
the initial complaints can help to distinguish the various myasthenic syndromes.72 In 
LEMS, muscle weakness usually starts in the legs and spreads in cranial direction, while 
MG usually manifests in the extra-ocular or bulbar muscles and spreads in the opposite 
direction. Absence of tendon reflexes and autonomic dysfunction are also incompatible 
with a diagnosis of MG. Both RNS and serology can easily distinguish the two myasthenic 
syndromes in most cases, as described above. Therefore, VGCC antibodies and increment 
testing should be considered in all patients with perceived limb girdle MG. 



26   |   Chapter 1

Alternative causes of proximal muscle weakness include inflammatory myopathies, such 
as inclusion body myositis and polymyositis. Especially in patients with lung cancer, 
muscle weakness can also result from tumour-associated cachectic myopathy, which 
can result in marked muscle atrophy.103 Muscle atrophy is reported to be present in the 
majority of lung cancer patients, although usually asymptomatic. The apparent effect of 
the lung cancer on muscle atrophy is usually more evenly distributed between proximal 
and distal muscle groups. Other misdiagnoses include genetic and toxic neuromuscular 
junction disorders.104 Congenital myasthenic syndromes usually present at an earlier 
age, with negative serology and no autonomic dysfunction. Botulism can present with 
a comparable distribution of weakness, autonomic dysfunction and low tendon reflexes 
as well, but should mainly be suspected in patients with an acute onset, gastrointestinal 
symptoms and upon clustering of cases.105;106 In cases with only mild or no objective 
weakness upon investigation, functional or psychogenic disorders may also be suspected 
at first.

Although an overlap can occur with other SCLC-associated paraneoplastic disorders such 
as sensory neuropathy with Hu antibodies, or paraneoplastic cerebellar degeneration, this 
rarely results in diagnostic difficulty.83;107 

Treatment

Several treatment options are available for LEMS in spite of the rare nature of the disease, 
probably as a result of the detailed understanding of the pathophysiology. If treated, 
almost all symptoms can be reversible and controllable. Treatment options can be divided 
in three groups: tumour treatment, symptomatic drugs and immunosuppression.37;108;109

Symptomatic treatment
Multiple treatment options are available that either directly increase neurotransmitter 
release from the nerve terminal, or prolong the action of acetylcholine in the neuromuscular 
synapse. These include cholinesterase inhibitors, 3,4-diaminopyridine (3,4-DAP, also 
known as amifampridine when in a phosphate salt preparation), 4-aminopyridine (4-AP) 
and guanidine.37 

For first line treatment in all LEMS patients 3,4-diaminopyridine is preferred above 
4-aminopyridine, because of a more favourable side-effect profile . Both aminopyridines 
(4-AP and 3,4-DAP) block presynaptic potassium channels, prolonging the duration of 
nerve action potentials, which ultimately results in an increase in transmitter release. Four 
randomised controlled trials (RCTs) comparing different dosing schedules (10 mg i.v. to 
100 mg orally /day) of 3,4-DAP to placebo have been performed and analysed in a recent 
Cochrane review.108;110-112 All four trials reported a significant improvement in muscle 
strength as well as CMAP amplitudes.108 Two trials measuring QMG score as a standardised 
measurement for myasthenic weakness report a significant mean improvement of 2.4 
points (scale 0 – 39).111;113



1

Introduction and aims   |   27   

Side effects of 3,4-DAP are generally mild, with most patients reporting distal or perioral 
paresthesia and less common mild gastrointestinal symptoms.114 Epileptic seizures have 
been reported in one patient using 100mg daily in one of the trials, which did not recur at 
a lower dose.110 Other patients with seizures were either treated with doses > 100mg daily, 
had brain metastases or other seizure-inducing medication.111;115  Cardiac arrhythmia has 
also been reported as a rare side effect, mainly consisting of palpitations or premature 
ventricular contractions, but seem uncommon in clinical practice at a normal dose 
(personal observations).116 Also, in a large observational study of mostly MS patients using 
3,4-DAP no serious cardiac disorders with a likely or possible link have been recorded.117

4-aminopyridine is likely to have comparable effects as 3,4-DAP, but is limited in its use 
because of higher frequency and severity of side effects.

Cholinesterase inhibitors alone usually do not or only minimally improve symptoms.37 
Several patients report an additional effect on muscle strength or fatigability when 
combined with 3,4-DAP (personal observations).116 However, this was not confirmed in 
a randomised crossover study, which reported no significant effect on isometric muscle 
strength or CMAP amplitudes within 3 hours after intravenous administration.112

Guanidine has been used in the past, but has mostly been replaced by 3,4-diaminopyridine. 
No RCTs are available, a few case series reported a moderate effect.89;118 Treatment with 
guanidine is mostly limited because of the side effects. Common side effects include mild 
gastrointestinal symptoms and paresthesias, more serious side effects are bone marrow 
suppression and renal failure.37;119;120

Tumour treatment
The presence of a tumour has important consequences for the treatment, as tumour 
treatment can decrease or even abolish symptoms. In the largest case series of patients 
with both SCLC and LEMS, 7 out of 11 patients treated for the tumour underwent sustained 
improvement and an additional 3 patients temporary improvement.86 Although patients 
were also treated with various drugs, a temporal relation was present in most patients 
with tumour treatment and less obvious with medication.86;121 The neurological condition 
of these patients may therefore never be the reason to refrain from aggressive treatment 
of the SCLC.

Immunosuppression
A marked clinical improvement has been reported in several studies after treatment 
with plasmapheresis or intravenous immunoglobulin (IVIg).35;37;89 One RCT compared 
the effects of IVIg with placebo for 8 weeks following infusion and reported significant 
increase in limb strength, as well as a decrease in antibody titer.36 No RCTs have been 
performed studying the effect of corticosteroids or azathioprine.108 Most studies however 
report a modest effect of prednisone up to 60mg/day, with the effect starting to show in 
weeks to months.37;122;123 Azathioprine is frequently started alongside corticosteroids to 
decrease the dose needed for the latter, as in MG, although a steroid-sparing effect has 
not been formally studied.
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Recommendations
First line treatment in all LEMS patients is 3,4-DAP in a starting dose of about 10-15 mg 
daily.37;114;116 By starting with one dose a day, the patient can experience the effect of the 
drug, the duration of the effect, as well as the side effects. Dosing can be increased based 
on efficacy and side effects, but should not exceed 100mg a day because of a risk of seizures 
and arrhythmia at higher doses.114 Most patients need 3 to 5 doses a day. This also depends 
on the formulation of the drug that is locally available. Patients should be explained that 
this is a symptomatic treatment that does not affect the underlying immune response of 
the disease. They should be encouraged to develop their own schedules and adapt the 
frequency of the intake of the drug according to their daily activities. If immunosuppressive 
treatment is started and successful, it sometimes is possible to decrease or even stop the 
intake of 3,4-DAP. In patients with associated SCLC, prompt tumour treatment, which has 
a powerful immunosuppressive effect, can result in sustained improvement of symptoms 
and should be the mainstay of LEMS treatment aside from the symptomatic treatment.86 

If no tumour is detected, use of immunosuppression should depend on severity of the 
disease. Long term treatment with prednisone and azathioprine should be considered 
for these patients, similar as in autoimmune myasthenia gravis. For acute treatment in 
case of exacerbation, both intravenous immunoglobulins and plasmapheresis seem to be 
effective, although these emergency treatments are rarely needed.

Some concern exists whether immunosuppression is desirable in case of concomitant 
SCLC, when diminishing the anti-tumour immune response as well could adversely affect 
tumour outcome. No evidence for this adverse effect has been reported as of yet; and 
the only study comparing SCLC-LEMS patients with and without immunosuppression 
suggests the median survival in these treated patients is at least as good.86 In the authors’ 
opinion, immunosuppressants should not be withheld for this reason in case of moderate 
or severe disability due to LEMS,  if tumour or symptomatic treatment are not sufficient to 
reach an acceptable level of daily activities. 

Autonomic symptoms can also respond to symptomatic or immunosuppressive 
treatment.110;124 Other relevant treatment options include artificial tears for dry eyes and 
laxatives in case of constipation, which are easily overlooked but can be very helpful in 
some patients.

Patients should also be advised to mention their diagnosis in case of other treatment. 
L-type calcium-channel blockers have been reported to worsen muscle weakness in 
multiple LEMS patients.125 Drugs that can worsen myasthenia gravis, such as beta blockers 
and aminoglycosides, are also likely to worsen symptoms in LEMS.126 When undergoing 
anesthesia, neuromuscular blocking agents should be avoided, which can lead to 
prolonged muscle weakness.9;127 The most relevant perioperative complication in a recent 
study of surgical patients with LEMS were respiratory complications (mostly prolonged 
mechanical ventilation), although most of the reported patients were not yet treated for 
LEMS at the time of surgery.128
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Despite the rare nature of the disease, multiple additional treatment options are currently 
being studied. Calcium agonists seem to have a strong additional effect to 3,4-DAP in cell 
lines and passive transfer mouse models.129 Proteasome inhibitors are also under study, 
with the hypothesis that these drugs could both modulate the immune response as well 
as induce apoptosis in human tumour cells.130

Summary

Lambert-Eaton myasthenic syndrome is a rare autoimmune disease, which is probably 
under recognized. However, when considered by the clinician based on typical clinical 
manifestations (proximal muscle weakness, loss of tendon reflexes and autonomic 
dysfunction), a diagnosis is usually made relatively easy (see panel 1).1;4 Pathogenic 
antibodies to P/Q-type VGCC antibodies can be found in about 90% of patients and the 
presence of decrement and increment upon repetitive nerve stimulation is also a highly 
sensitive diagnostic test. Rapid diagnosis is also important because of the association 
with SCLC in 50-60% of patients, which should lead to vigorous tumour screening after 
diagnosis. Treatment of the tumour as well as symptomatic treatment (3,4-DAP) and 
immunosuppression can effectively control symptoms in most patients.

Either an anti-tumour immune response or an immunogenetic predisposition seem to 
able to trigger an autoimmune response leading to LEMS, with the same clinical result. 
Still much can be learned on autoimmunity and paraneoplastic disease mechanisms 
from this rare but well-defined clinical entity. Understanding the triggers for eliciting the 
potent immune response against the VGCCs and discovering how we can manipulate the 
underlying mechanisms could greatly advance our knowledge about autoimmunity and 
tumour immunology in general.
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Panel: 1 - Diagnosis

Clinical

• proximal muscle weakness

• low or absent tendon reflexes

• autonomic dysfunction

Serology

• presence of P/Q-type VGCC antibodies

Electrophysiology

• low CMAP amplitude

• decrement at low rate repetitive nerve stimulation

• increment after voluntary exercise or high-rate repetitive nerve stimulation

Required for diagnosis are typical clinical features (at least proximal muscle weakness), 
combined with serological and / or electrophysiological abnormalities.
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Aims and outline of this thesis

This thesis addresses several pathophysiological and clinical aspects of both the Lambert-
Eaton myasthenic syndrome and myasthenia gravis. 

In chapter 2, the search for new LEMS associated SCLC markers is described, leading to the 
discovery of a new antigen that is associated with LEMS.

In chapter 3, a literature review of screening methods for SCLC in LEMS is presented, as 
well as the role of associated SOX1 antibodies in SCLC-LEMS patients. 

In chapter 4 the long-term follow-up, functional impairment and quality of life in LEMS 
patients is described. It also reports the survival in LEMS patients, which we hypothesise 
to be close to normal in patients without associated tumour. An improved tumour survival 
has been described in SCLC-LEMS patients, which might also relate to a lead-time bias, i.e. 
earlier tumour detection due to neuromuscular weakness triggering intensive screening. 
We hypothesize that this tumour survival benefit still holds even after correction for SCLC 
tumour stage, and might be related to a relevant anti-tumour immune effect.

In chapter 5, the focus is on improving the diagnosis of LEMS. The hypothesis is that 
lowering the cut-off value for increment from 100% to 60% will increase sensitivity for 
diagnosis of this rare disease, without a negative effect on the specificity.

Chapter 6 addresses the relation between initial compound muscle action potential 
(CMAP) amplitude and disease severity in MG. A low CMAP amplitude is a well-known 
electrophysiological hallmark for LEMS. We hypothesize that the initial CMAP amplitude 
is also lower in severe MG, which might help our understanding of the mechanism of 
muscle weakness in these patients.

In chapter 7, the use of ephedrine as a symptomatic treatment in MG patients is described. 
We hypothesize that this drug might cause a relevant reduction in symptoms, which could 
help to postpone or delay the need for immunosuppressive treatment and therefore 
diminish related side effects.

Chapter 8 and 9 provide a summary and discussion of this thesis as well as future 
perspectives.



32   |   Chapter 1

Reference List

1 O’Neill JH, Murray NM, Newsom-Davis J. The Lambert-Eaton myasthenic syndrome. A review 
of 50 cases. Brain 1988; 111 ( Pt 3):577-596.

2 Spillane J, Ermolyuk Y, Cano-Jaimez M et al. Lambert-Eaton syndrome IgG inhibits transmitter 
release via P/Q Ca2+ channels. Neurology 2015.

3 Fukunaga H, Engel AG, Lang B, Newsom-Davis J, Vincent A. Passive transfer of Lambert-Eaton 
myasthenic syndrome with IgG from man to mouse depletes the presynaptic membrane 
active zones. Proc Natl Acad Sci U S A 1983; 80(24):7636-7640.

4 Titulaer MJ, Lang B, Verschuuren JJ. Lambert-Eaton myasthenic syndrome: from clinical 
characteristics to therapeutic strategies. Lancet Neurol 2011; 10(12):1098-1107.

5 Nakao YK, Motomura M, Fukudome T et al. Seronegative Lambert-Eaton myasthenic syndrome: 
study of 110 Japanese patients. Neurology 2002; 59(11):1773-1775.

6 Titulaer MJ, Wirtz PW, Kuks JB et al. The Lambert-Eaton myasthenic syndrome 1988-2008: a 
clinical picture in 97 patients. J Neuroimmunol 2008; 201-202:153-158.

7 Wirtz PW, Smallegange TM, Wintzen AR, Verschuuren JJ. Differences in clinical features 
between the Lambert-Eaton myasthenic syndrome with and without cancer: an analysis of 
227 published cases. Clin Neurol Neurosurg 2002; 104(4):359-363.

8 Titulaer MJ, Wirtz PW, Willems LN et al. Screening for small-cell lung cancer: a follow-up study 
of patients with Lambert-Eaton myasthenic syndrome. J Clin Oncol 2008; 26(26):4276-4281.

9 Anderson HJ, Churchill-Davidson HC, Richardson AT. Bronchial neoplasm with myasthenia; 
prolonged apnoea after administration of succinylcholine. Lancet 1953; 265(6799):1291-1293.

10 Lambert EH, Eaton LM, Rooke ED. Defect of neuromuscular conduction associated with 
malignant neoplasms. American Journal of Physiology 187, 612-613. 30-11-1956. Ref Type: 
Abstract

11 Eaton LM, Lambert EH. Electromyography and electric stimulation of nerves in diseases of 
motor unit; observations on myasthenic syndrome associated with malignant tumors. J Am 
Med Assoc 1957; 163(13):1117-1124.

12 Benatar M, Blaes F, Johnston I et al. Presynaptic neuronal antigens expressed by a small cell 
lung carcinoma cell line. J Neuroimmunol 2001; 113(1):153-162.

13 Roberts A, Perera S, Lang B, Vincent A, Newsom-Davis J. Paraneoplastic myasthenic syndrome 
IgG inhibits 45Ca2+ flux in a human small cell carcinoma line. Nature 1985; 317(6039):737-
739.

14 Titulaer MJ, Verschuuren JJ. Lambert-Eaton myasthenic syndrome: tumor versus nontumor 
forms. Ann N Y Acad Sci 2008; 1132:129-134.

15 Wirtz PW, Nijnuis MG, Sotodeh M et al. The epidemiology of myasthenia gravis, Lambert-Eaton 
myasthenic syndrome and their associated tumours in the northern part of the province of 
South Holland. J Neurol 2003; 250(6):698-701.

16 Wirtz PW, van Dijk JG, van Doorn PA et al. The epidemiology of the Lambert-Eaton myasthenic 
syndrome in the Netherlands. Neurology 2004; 63(2):397-398.

17 Wirtz PW, Lang B, Graus F et al. P/Q-type calcium channel antibodies, Lambert-Eaton 
myasthenic syndrome and survival in small cell lung cancer. J Neuroimmunol 2005; 164(1-
2):161-165.

18 Maddison P, Lang B. Paraneoplastic neurological autoimmunity and survival in small-cell lung 
cancer. J Neuroimmunol 2008; 201-202:159-162.



1

Introduction and aims   |   33   

19 Chelmicka-Schorr E, Bernstein LP, Zurbrugg EB, Huttenlocher PR. Eaton-Lambert syndrome in 
a 9-year-old girl. Arch Neurol 1979; 36(9):572-574.

20 Hajjar M, Markowitz J, Darras BT et al. Lambert-Eaton syndrome, an unrecognized treatable 
pediatric neuromuscular disorder: three patients and literature review. Pediatr Neurol 2014; 
50(1):11-17.

21 Wirtz PW, Bradshaw J, Wintzen AR, Verschuuren JJ. Associated autoimmune diseases in 
patients with the Lambert-Eaton myasthenic syndrome and their families. J Neurol 2004; 
251(10):1255-1259.

22 Wirtz PW, Huizinga TW, Stoeken DJ, Wintzen AR, Verschuuren JJ. High innate production 
of interleukin-10 and tumor necrosis factor-alpha contributes to susceptibility for non-
paraneoplastic Lambert-Eaton myasthenic syndrome. J Neuroimmunol 2003; 140(1-2):194-
197.

23 Willcox N, Demaine AG, Newsom-Davis J et al. Increased frequency of IgG heavy chain marker 
Glm(2) and of HLA-B8 in Lambert-Eaton myasthenic syndrome with and without associated 
lung carcinoma. Hum Immunol 1985; 14(1):29-36.

24 Wirtz PW, Willcox N, van der Slik AR et al. HLA and smoking in prediction and prognosis of 
small cell lung cancer in autoimmune Lambert-Eaton myasthenic syndrome. J Neuroimmunol 
2005; 159(1-2):230-237.

25 Price P, Witt C, Allcock R et al. The genetic basis for the association of the 8.1 ancestral haplotype 
(A1, B8, DR3) with multiple immunopathological diseases. Immunol Rev 1999; 167:257-274.

26 Kiszel P, Kovacs M, Szalai C et al. Frequency of carriers of 8.1 ancestral haplotype and its 
fragments in two Caucasian populations. Immunol Invest 2007; 36(3):307-319.

27 Motomura M, Lang B, Johnston I et al. Incidence of serum anti-P/O-type and anti-N-type 
calcium channel autoantibodies in the Lambert-Eaton myasthenic syndrome. J Neurol Sci 
1997; 147(1):35-42.

28 Lennon VA, Kryzer TJ, Griesmann GE et al. Calcium-channel antibodies in the Lambert-Eaton 
syndrome and other paraneoplastic syndromes. N Engl J Med 1995; 332(22):1467-1474.

29 Waterman SA, Lang B, Newsom-Davis J. Effect of Lambert-Eaton myasthenic syndrome 
antibodies on autonomic neurons in the mouse. Ann Neurol 1997; 42(2):147-156.

30 Prior C, Lang B, Wray D, Newsom-Davis J. Action of Lambert-Eaton myasthenic syndrome IgG 
at mouse motor nerve terminals. Ann Neurol 1985; 17(6):587-592.

31 Lang B, Newsom-Davis J, Wray D, Vincent A, Murray N. Autoimmune aetiology for myasthenic 
(Eaton-Lambert) syndrome. Lancet 1981; 2(8240):224-226.

32 Komai K, Iwasa K, Takamori M. Calcium channel peptide can cause an autoimmune-mediated 
model of Lambert-Eaton myasthenic syndrome in rats. J Neurol Sci 1999; 166(2):126-130.

33 Lecky BR. Transient neonatal Lambert-Eaton syndrome. J Neurol Neurosurg Psychiatry 2006; 
77(9):1094.

34 Reuner U, Kamin G, Ramantani G, Reichmann H, Dinger J. Transient neonatal Lambert-Eaton 
syndrome. J Neurol 2008; 255(11):1827-1828.

35 Newsom-Davis J, Murray NM. Plasma exchange and immunosuppressive drug treatment in 
the Lambert-Eaton myasthenic syndrome. Neurology 1984; 34(4):480-485.

36 Bain PG, Motomura M, Newsom-Davis J et al. Effects of intravenous immunoglobulin on 
muscle weakness and calcium-channel autoantibodies in the Lambert-Eaton myasthenic 
syndrome. Neurology 1996; 47(3):678-683.



34   |   Chapter 1

37 Verschuuren JJ, Wirtz PW, Titulaer MJ, Willems LN, van GJ. Available treatment options for 
the management of Lambert-Eaton myasthenic syndrome. Expert Opin Pharmacother 2006; 
7(10):1323-1336.

38 Elmqvist D, Lambert EH. Detailed analysis of neuromuscular transmission in a patient with the 
myasthenic syndrome sometimes associated with bronchogenic carcinoma. Mayo Clin Proc 
1968; 43(10):689-713.

39 Lambert EH, Elmqvist D. Quantal components of end-plate potentials in the myasthenic 
syndrome. Ann N Y Acad Sci 1971; 183:183-199.

40 Peers C, Johnston I, Lang B, Wray D. Cross-linking of presynaptic calcium channels: a mechanism 
of action for Lambert-Eaton myasthenic syndrome antibodies at the mouse neuromuscular 
junction. Neurosci Lett 1993; 153(1):45-48.

41 Viglione MP, O’Shaughnessy TJ, Kim YI. Inhibition of calcium currents and exocytosis by 
Lambert-Eaton syndrome antibodies in human lung cancer cells. J Physiol 1995; 488 ( Pt 
2):303-317.

42 Lambert EH, Lennon VA. Selected IgG rapidly induces Lambert-Eaton myasthenic syndrome in 
mice: complement independence and EMG abnormalities. Muscle Nerve 1988; 11(11):1133-
1145.

43 Tani T, Tanaka K, Idezuka J, Nishizawa M. Regulatory T cells in paraneoplastic neurological 
syndromes. J Neuroimmunol 2008; 196(1-2):166-169.

44 Varadi G, Mori Y, Mikala G, Schwartz A. Molecular determinants of Ca2+ channel function and 
drug action. Trends Pharmacol Sci 1995; 16(2):43-49.

45 Pinto A, Iwasa K, Newland C, Newsom-Davis J, Lang B. The action of Lambert-Eaton myasthenic 
syndrome immunoglobulin G on cloned human voltage-gated calcium channels. Muscle 
Nerve 2002; 25(5):715-724.

46 Takamori M, Iwasa K, Komai K. Antibodies to synthetic peptides of the alpha1A subunit of 
the voltage-gated calcium channel in Lambert-Eaton myasthenic syndrome. Neurology 1997; 
48(5):1261-1265.

47 Parsons KT, Kwok WW. Linear B-cell epitopes in Lambert-Eaton myasthenic syndrome defined 
by cell-free synthetic peptide binding. J Neuroimmunol 2002; 126(1-2):190-195.

48 Verschuuren JJ, Dalmau J, Tunkel R et al. Antibodies against the calcium channel beta-subunit 
in Lambert-Eaton myasthenic syndrome. Neurology 1998; 50(2):475-479.

49 Hajela RK, Huntoon KM, Atchison WD. Lambert-Eaton syndrome antibodies target multiple 
subunits of voltage-gated Ca(2+) channels. Muscle Nerve 2015; 51(2):176-184.

50 Raymond C, Walker D, Bichet D et al. Antibodies against the beta subunit of voltage-dependent 
calcium channels in Lambert-Eaton myasthenic syndrome. Neuroscience 1999; 90(1):269-277.

51 Huijbers MG, Lipka AF, Plomp JJ et al. Pathogenic immune mechanisms at the neuromuscular 
synapse: the role of specific antibody-binding epitopes in myasthenia gravis. J Intern Med 
2014; 275(1):12-26.

52 Takamori M. Lambert-Eaton myasthenic syndrome: search for alternative autoimmune 
targets and possible compensatory mechanisms based on presynaptic calcium homeostasis. 
J Neuroimmunol 2008; 201-202:145-152.

53 Takamori M, Motomura M, Fukudome T, Yoshikawa H. Autoantibodies against M1 muscarinic 
acetylcholine receptor in myasthenic disorders. Eur J Neurol 2007; 14(11):1230-1235.

54 Paesmans M, Sculier JP, Lecomte J et al. Prognostic factors for patients with small cell lung 
carcinoma: analysis of a series of 763 patients included in 4 consecutive prospective trials with 
a minimum follow-up of 5 years. Cancer 2000; 89(3):523-533.



1

Introduction and aims   |   35   

55 Darnell RB. Onconeural antigens and the paraneoplastic neurologic disorders: at the 
intersection of cancer, immunity, and the brain. Proc Natl Acad Sci U S A 1996; 93(10):4529-
4536.

56 Kazarian M, Laird-Offringa IA. Small-cell lung cancer-associated autoantibodies: potential 
applications to cancer diagnosis, early detection, and therapy. Mol Cancer 2011; 10:33.

57 Codignola A, Tarroni P, Clementi F et al. Calcium channel subtypes controlling serotonin 
release from human small cell lung carcinoma cell lines. J Biol Chem 1993; 268(35):26240-
26247.

58 Linnoila RI. Spectrum of neuroendocrine differentiation in lung cancer cell lines featured by 
cytomorphology, markers, and their corresponding tumors. J Cell Biochem Suppl 1996; 24:92-
106.

59 Arai H, Inui K, Hashimoto K et al. Lung adenocarcinoma with Lambert-Eaton myasthenic 
syndrome indicated by voltage-gated calcium channel: a case report. J Med Case Rep 2012; 
6:281.

60 Sher E, Comola M, Nemni R, Canal N, Clementi F. Calcium channel autoantibody and non-
small-cell lung cancer in patients with Lambert-Eaton syndrome. Lancet 1990; 335(8686):413.

61 Delahunt B, Abernethy DA, Johnson CA, Nacey JN. Prostate carcinoma and the Lambert-Eaton 
myasthenic syndrome. J Urol 2003; 169(1):278-279.

62 Argov Z, Shapira Y, Averbuch-Heller L, Wirguin I. Lambert-Eaton myasthenic syndrome (LEMS) 
in association with lymphoproliferative disorders. Muscle Nerve 1995; 18(7):715-719.

63 Wirtz PW, Wintzen AR, Verschuuren JJ. Lambert-Eaton myasthenic syndrome has a more 
progressive course in patients with lung cancer. Muscle Nerve 2005; 32(2):226-229.

64 Sabater L, Titulaer M, Saiz A et al. SOX1 antibodies are markers of paraneoplastic Lambert-
Eaton myasthenic syndrome. Neurology 2008; 70(12):924-928.

65 Titulaer MJ, Klooster R, Potman M et al. SOX antibodies in small-cell lung cancer and Lambert-
Eaton myasthenic syndrome: frequency and relation with survival. J Clin Oncol 2009; 
27(26):4260-4267.

66 Lipka AF, Verschuuren JJ, Titulaer MJ. SOX1 antibodies in Lambert-Eaton myasthenic syndrome 
and screening for small cell lung carcinoma. Ann N Y Acad Sci 2012; 1275:70-77.

67 Titulaer MJ, Maddison P, Sont JK et al. Clinical Dutch-English Lambert-Eaton Myasthenic 
syndrome (LEMS) tumor association prediction score accurately predicts small-cell lung 
cancer in the LEMS. J Clin Oncol 2011; 29(7):902-908.

68 Titulaer MJ, Soffietti R, Dalmau J et al. Screening for tumours in paraneoplastic syndromes: 
report of an EFNS task force. Eur J Neurol 2011; 18(1):19-e3.

69 Maddison P, Newsom-Davis J, Mills KR, Souhami RL. Favourable prognosis in Lambert-Eaton 
myasthenic syndrome and small-cell lung carcinoma. Lancet 1999; 353(9147):117-118.

70 Darnell RB, DeAngelis LM. Regression of small-cell lung carcinoma in patients with 
paraneoplastic neuronal antibodies. Lancet 1993; 341(8836):21-22.

71 Zaheer W, Friedland ML, Cooper EB et al. Spontaneous regression of small cell carcinoma of 
lung associated with severe neuropathy. Cancer Invest 1993; 11(3):306-309.

72 Wirtz PW, Sotodeh M, Nijnuis M et al. Difference in distribution of muscle weakness between 
myasthenia gravis and the Lambert-Eaton myasthenic syndrome. J Neurol Neurosurg 
Psychiatry 2002; 73(6):766-768.

73 Laroche CM, Mier AK, Spiro SG et al. Respiratory muscle weakness in the Lambert-Eaton 
myasthenic syndrome. Thorax 1989; 44(11):913-918.



36   |   Chapter 1

74 Gracey DR, Southorn PA. Respiratory failure in Lambert-Eaton myasthenic syndrome. Chest 
1987; 91(5):716-718.

75 Nicolle MW, Stewart DJ, Remtulla H, Chen R, Bolton CF. Lambert-Eaton myasthenic syndrome 
presenting with severe respiratory failure. Muscle Nerve 1996; 19(10):1328-1333.

76 Barr CW, Claussen G, Thomas D et al. Primary respiratory failure as the presenting symptom in 
Lambert-Eaton myasthenic syndrome. Muscle Nerve 1993; 16(7):712-715.

77 Smith AG, Wald J. Acute ventilatory failure in Lambert-Eaton myasthenic syndrome and its 
response to 3,4-diaminopyridine. Neurology 1996; 46(4):1143-1145.

78 Waterman SA. Autonomic dysfunction in Lambert-Eaton myasthenic syndrome. Clin Auton 
Res 2001; 11(3):145-154.

79 O’Suilleabhain P, Low PA, Lennon VA. Autonomic dysfunction in the Lambert-Eaton myasthenic 
syndrome: serologic and clinical correlates. Neurology 1998; 50(1):88-93.

80 Odabasi Z, Demirci M, Kim DS et al. Postexercise facilitation of reflexes is not common in 
Lambert-Eaton myasthenic syndrome. Neurology 2002; 59(7):1085-1087.

81 Clark CV, Newsom-Davis J, Sanders MD. Ocular autonomic nerve function in Lambert-Eaton 
myasthenic syndrome. Eye (Lond) 1990; 4 ( Pt 3):473-481.

82 Wirtz PW, de Keizer RJ, de VM, Wintzen AR, Verschuuren JJ. Tonic pupils in Lambert-Eaton 
myasthenic syndrome. Muscle Nerve 2001; 24(3):444-445.

83 Mason WP, Graus F, Lang B et al. Small-cell lung cancer, paraneoplastic cerebellar degeneration 
and the Lambert-Eaton myasthenic syndrome. Brain 1997; 120 ( Pt 8):1279-1300.

84 Liao YJ, Safa P, Chen YR et al. Anti-Ca2+ channel antibody attenuates Ca2+ currents and mimics 
cerebellar ataxia in vivo. Proc Natl Acad Sci U S A 2008; 105(7):2705-2710.

85 Maddison P, Lang B, Mills K, Newsom-Davis J. Long term outcome in Lambert-Eaton myasthenic 
syndrome without lung cancer. J Neurol Neurosurg Psychiatry 2001; 70(2):212-217.

86 Chalk CH, Murray NM, Newsom-Davis J, O’Neill JH, Spiro SG. Response of the Lambert-Eaton 
myasthenic syndrome to treatment of associated small-cell lung carcinoma. Neurology 1990; 
40(10):1552-1556.

87 AAEM Quality Assurance Committee. Literature review of the usefulness of repetitive 
nerve stimulation and single fiber EMG in the electrodiagnostic evaluation of patients with 
suspected myasthenia gravis or Lambert-Eaton myasthenic syndrome. Muscle Nerve 2001; 
24(9):1239-1247.

88 Oh SJ, Kurokawa K, Claussen GC, Ryan HF, Jr. Electrophysiological diagnostic criteria of 
Lambert-Eaton myasthenic syndrome. Muscle Nerve 2005; 32(4):515-520.

89 Tim RW, Massey JM, Sanders DB. Lambert-Eaton myasthenic syndrome: electrodiagnostic 
findings and response to treatment. Neurology 2000; 54(11):2176-2178.

90 Lambert EH, Rooke ED, Eaton LM, Hodgson CH. Myasthenic syndrome occasionally associated 
with bronchial neoplasm: neurophysiologic studies. In: Viets HR, editor. Myasthenia gravis.  
Charles C. Thomas Publ, Springfield ; 1961. 362-410.

91 Baslo MB, Deymeer F, Serdaroglu P et al. Decrement pattern in Lambert-Eaton myasthenic 
syndrome is different from myasthenia gravis. Neuromuscul Disord 2006; 16(7):454-458.

92 Sanders DB, Cao L, Massey JM et al. Is the decremental pattern in Lambert-Eaton syndrome 
different from that in myasthenia gravis? Clin Neurophysiol 2014; 125(6):1274-1277.

93 AAEM Quality Assurance Committee. Practice parameter for repetitive nerve stimulation and 
single fiber EMG evaluation of adults with suspected myasthenia gravis or Lambert-Eaton 
myasthenic syndrome: summary statement. Muscle Nerve 2001; 24(9):1236-1238.



1

Introduction and aims   |   37   

94 Oh SJ, Hatanaka Y, Ito E, Nagai T. Post-exercise exhaustion in Lambert-Eaton myasthenic 
syndrome. Clin Neurophysiol 2014; 125(2):411-414.

95 Oh SJ, Ohira M. Single-fiber EMG and clinical correlation in Lambert-Eaton myasthenic 
syndrome. Muscle Nerve 2013; 47(5):664-667.

96 Amato A.A., Russell J.A. Disorders of Neuromuscular Transmission. In: Amato A.A., Russell J.A., 
editors. Neuromuscular Disorders. McGraw-Hill Professional; 8 A.D. 457-528.

97 Monstad SE, Drivsholm L, Storstein A et al. Hu and voltage-gated calcium channel (VGCC) 
antibodies related to the prognosis of small-cell lung cancer. J Clin Oncol 2004; 22(5):795-800.

98 Payne M, Bradbury P, Lang B et al. Prospective study into the incidence of Lambert Eaton 
myasthenic syndrome in small cell lung cancer. J Thorac Oncol 2010; 5(1):34-38.

99 Johnston I, Lang B, Leys K, Newsom-Davis J. Heterogeneity of calcium channel autoantibodies 
detected using a small-cell lung cancer line derived from a Lambert-Eaton myasthenic 
syndrome patient. Neurology 1994; 44(2):334-338.

100 Leys K, Lang B, Johnston I, Newsom-Davis J. Calcium channel autoantibodies in the Lambert-
Eaton myasthenic syndrome. Ann Neurol 1991; 29(3):307-314.

101 Katz JS, Wolfe GI, Bryan WW, Tintner R, Barohn RJ. Acetylcholine receptor antibodies in the 
Lambert-Eaton myasthenic syndrome. Neurology 1998; 50(2):470-475.

102 Sanders DB, Stalberg E. The overlap between myasthena gravis and Lambert-Eaton myasthenic 
syndrome. Annals of the New York Academy of Sciences 1987; 505:864-865.

103 Gomm SA, Thatcher N, Barber PV, Cumming WJ. A clinicopathological study of the 
paraneoplastic neuromuscular syndromes associated with lung cancer. Q J Med 1990; 
75(278):577-595.

104 Cornblath DR. Disorders of neuromuscular transmission in infants and children. Muscle Nerve 
1986; 9(7):606-611.

105 Shapiro RL, Hatheway C, Swerdlow DL. Botulism in the United States: a clinical and 
epidemiologic review. Ann Intern Med 1998; 129(3):221-228.

106 Sobel J. Botulism. Clin Infect Dis 2005; 41(8):1167-1173.
107 Heidenreich F, Schober R, Brinck U, Hartung HP. Multiple paraneoplastic syndromes in a 

patient with antibodies to neuronal nucleoproteins (anti-Hu). J Neurol 1995; 242(4):210-216.
108 Keogh M, Sedehizadeh S, Maddison P. Treatment for Lambert-Eaton myasthenic syndrome. 

Cochrane Database Syst Rev 2011;(2):CD003279.
109 van SA, Wirtz PW, Verschuuren JJ, Titulaer MJ. Paraneoplastic syndromes of the neuromuscular 

junction: therapeutic options in myasthenia gravis, lambert-eaton myasthenic syndrome, and 
neuromyotonia. Curr Treat Options Neurol 2013; 15(2):224-239.

110 McEvoy KM, Windebank AJ, Daube JR, Low PA. 3,4-Diaminopyridine in the treatment of 
Lambert-Eaton myasthenic syndrome. N Engl J Med 1989; 321(23):1567-1571.

111 Sanders DB, Massey JM, Sanders LL, Edwards LJ. A randomized trial of 3,4-diaminopyridine in 
Lambert-Eaton myasthenic syndrome. Neurology 2000; 54(3):603-607.

112 Wirtz PW, Verschuuren JJ, van Dijk JG et al. Efficacy of 3,4-diaminopyridine and pyridostigmine 
in the treatment of Lambert-Eaton myasthenic syndrome: a randomized, double-blind, 
placebo-controlled, crossover study. Clin Pharmacol Ther 2009; 86(1):44-48.

113 Oh SJ, Claussen GG, Hatanaka Y, Morgan MB. 3,4-Diaminopyridine is more effective than 
placebo in a randomized, double-blind, cross-over drug study in LEMS. Muscle Nerve 2009; 
40(5):795-800.

114 Wirtz PW, Titulaer MJ, Gerven JM, Verschuuren JJ. 3,4-diaminopyridine for the treatment of 
Lambert-Eaton myasthenic syndrome. Expert Rev Clin Immunol 2010; 6(6):867-874.



38   |   Chapter 1

115 Sanders DB, Howard JF, Jr., Massey JM. 3,4-Diaminopyridine in Lambert-Eaton myasthenic 
syndrome and myasthenia gravis. Ann N Y Acad Sci 1993; 681:588-590.

116 Maddison P. Treatment in Lambert-Eaton myasthenic syndrome. Ann N Y Acad Sci 2012; 
1275:78-84.

117 Flet L, Polard E, Guillard O et al. 3,4-diaminopyridine safety in clinical practice: an observational, 
retrospective cohort study. J Neurol 2010; 257(6):937-946.

118 Oh SJ, Kim DS, Head TC, Claussen GC. Low-dose guanidine and pyridostigmine: relatively 
safe and effective long-term symptomatic therapy in Lambert-Eaton myasthenic syndrome. 
Muscle Nerve 1997; 20(9):1146-1152.

119 Blumhardt LD, Joekes AM, Marshall J, Philalithis PE. Guanidine treatment and impaired renal 
function in the Eaton-Lambert syndrome. Br Med J 1977; 1(6066):946-947.

120 Silbert PL, Hankey GJ, Barr AL. Successful alternate day guanidine therapy following 
guanidine-induced neutropenia in the Lambert-Eaton myasthenic syndrome. Muscle Nerve 
1990; 13(4):360-361.

121 Jenkyn LR, Brooks PL, Forcier RJ, Maurer LH, Ochoa J. Remission of the Lambert-Eaton 
syndrome and small cell anaplastic carcinoma of the lung induced by chemotherapy and 
radiotherapy. Cancer 1980; 46(5):1123-1127.

122 Streib EW, Rothner AD. Eaton-Lambert myasthenic syndrome: long-term treatment of three 
patients with prednisone. Ann Neurol 1981; 10(5):448-453.

123 Dau PC, Denys EH. Plasmapheresis and immunosuppressive drug therapy in the Eaton-
Lambert syndrome. Ann Neurol 1982; 11(6):570-575.

124 Lundh H, Nilsson O, Rosen I. Treatment of Lambert-Eaton syndrome: 3,4-diaminopyridine and 
pyridostigmine. Neurology 1984; 34(10):1324-1330.

125 Tseng A, Claussen GC, Oh SJ. Respiratory failure in lambert-eaton myasthenic syndrome 
precipitated by calcium-channel blockers: report of a case and literature review. J Clin 
Neuromuscul Dis 2002; 4(2):60-63.

126 Sanders DB. Lambert-Eaton myasthenic syndrome: clinical diagnosis, immune-mediated 
mechanisms, and update on therapies. Ann Neurol 1995; 37 Suppl 1:S63-S73.

127 Macdonell RA, Rich JM, Cros D, Shahani BT, Ali HH. The Lambert-Eaton myasthenic syndrome: 
a cause of delayed recovery from general anesthesia. Arch Phys Med Rehabil 1992; 73(1):98-
100.

128 Weingarten TN, Araka CN, Mogensen ME et al. Lambert-Eaton myasthenic syndrome during 
anesthesia: a report of 37 patients. J Clin Anesth 2014; 26(8):648-653.

129 Tarr TB, Lacomis D, Reddel SW et al. Complete reversal of Lambert-Eaton myasthenic syndrome 
synaptic impairment by the combined use of a K+ channel blocker and a Ca2+ channel 
agonist. J Physiol 2014; 592(Pt 16):3687-3696.

130 Wang C, Chen S, Feng B, Guan Y. Proteasome inhibitors for malignancy-related Lambert-Eaton 
myasthenic syndrome. Muscle Nerve 2014; 49(3):325-328.




