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ABSTRACT

Introduction: Lambert–Eaton myasthenic syn-
drome (LEMS) is characterized by autoantibod-
ies against voltage-gated calcium channels
(VGCC) at the neuromuscular junction causing
proximal muscle weakness, decreased tendon
reflexes, and autonomic changes. The European
LEMS registry aimed to collate observational
safety data for 3,4-diaminopyridine phosphate
(3,4-DAPP) and examine long-term outcomes
for patients with LEMS.

Methods: Thirty centers across four countries
participated in the non-interventional Euro-
pean LEMS registry. Any patients diagnosed
with LEMS by means of clinical assessment and
abnormal neurophysiological testing, or clinical
assessment and positive for VGCC antibodies
were eligible to participate. Patients were mon-
itored using standard assessments for LEMS-
related clinical manifestations.
Results: Among 96 evaluable participants, 50
(52.1%) were being treated with 3,4-DAPP, 21
(21.9%) with 3,4-diaminopyridine (3,4-DAP),
and 25 (26.0%) with other treatments (e.g.,
pyridostigmine, corticosteroids, immunoglobu-
lins, and azathioprine); 74 participants (77.1%)
were exposed to 3,4-DAPP at any time. Quanti-
tative myasthenia gravis scores were similar
across treatment groups. Muscle strength was
generally good and maintained during follow-
up. Cerebellar ataxia, defined as a negative
Romberg’s test and at least one other positive
ataxia test, was observed in 30 (56.6%) patients.
Most participants had reduced reflex tone and
limited functioning. Sustained or improved
functioning was observed in participants
administered 3,4-DAPP. Inconsistent and spo-
radic functional improvement and regression
was observed with 3,4-DAP and other treat-
ments. Fifty-five treatment-related adverse
events (AEs) were reported by 32 (33.3%) par-
ticipants. Eight (8.3%) participants reported
nine treatment-related serious AEs. No new
safety signals were identified.
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Charité Universitätsmedizin Berlin, Charitéplatz 1,
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Conclusion: No new safety signals were
observed following long-term management of
LEMS with 3,4-DAPP.

Keywords: Amifampridine; Lambert–Eaton
myasthenic syndrome; Paraneoplastic; Quality
of life; Observational study; Real world; Safety

Key Summary Points

Why carry out this study?

The potassium channel blocker 3,4-
diaminopyridine (3,4-DAP) improves
neurotransmission in patients with
Lambert–Eaton myasthenic syndrome
(LEMS), a rare movement disorder, but
compounded product often fails to meet
Good Manufacturing Practice standards
for consistency of active ingredient.

The European LEMS registry aimed to
investigate the management of LEMS in a
real-world setting with a particular focus
on the efficacy and safety of the 3,4-DAP
salt 3,4-diaminopyridine phosphate (3,4-
DAPP), which is administered as a
standardized tablet formulation.

What was learned from this study?

Long-term symptomatic management of
LEMS with 3,4-DAPP did not result in any
new safety signals.

Additional insight was gained into the
natural history of LEMS, confirming a
stable disease course with no notable
changes in muscle strength, ataxia,
reflexes, or autonomic nervous system
symptoms over time, and malignancies
associated with small cell histology
potentially underlying paraneoplastic
disease.

INTRODUCTION

Lambert–Eaton myasthenic syndrome (LEMS) is
a rare autoimmune disorder that affects 3–4 in
every one million people [1, 2]. LEMS can be
autoimmune or paraneoplastic in origin, with
patients with autoimmune LEMS tending to
present in their mid-30s, whereas paraneoplas-
tic LEMS tends to occur in patients in their 50s
or 60s, most commonly in conjunction with a
diagnosis of small cell lung cancer (SCLC) [3].
Among patients with SCLC, 0.5–3% will
develop LEMS [4].

LEMS is generally characterized by autoanti-
bodies against presynaptic voltage-gated cal-
cium channels (VGCC; P/Q type) at the
neuromuscular junction causing proximal
muscle weakness, decreased tendon reflexes,
and autonomic changes [2, 4–6]. Accordingly,
patients with LEMS often present with a multi-
tude of symptoms, including neuromuscular,
cranial, and autonomic symptoms, as well as
fatigue [4, 6, 7]. In particular, more than 90% of
patients experience leg weakness and more than
80% report general fatigue.

First-line treatment of patients with LEMS
aims to improve neurotransmission, while
immunosuppressant therapy may be used to
reduce anti-VGCC antibody production and
activity in patients with an inadequate response
to symptomatic therapy [3, 8, 9]. For example,
the potassium channel blocker 3,4-diaminopy-
ridine (3,4-DAP) improves neurotransmission
by prolonging presynaptic depolarization,
enhancing calcium transport into the nerve
ending [3, 4], and is recommended as a first-line
treatment for patients with LEMS [8]. Treatment
with 3,4-DAP has been shown to improve iso-
metric muscle strength, neurologic disability
score, and quantitative myasthenia gravis
(QMG) score in patients with LEMS [10–12].
Furthermore, 3,4-DAP offers improved symp-
tomatic outcomes compared with the choli-
nesterase inhibitor pyridostigmine, which may
be offered as adjunctive therapy [8, 13].

However, 3,4-DAP has generally been pro-
vided as a compounded product, which has not
met Good Manufacturing Practice standards for
consistency of active ingredient [14]. In
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contrast, the 3,4-DAP salt 3,4-diaminopyridine
phosphate (3,4-DAPP) offers a standardized
tablet formulation for treating patients with
LEMS that is more stable than 3,4-DAP base
[12, 15]. 3,4-DAPP has also demonstrated effi-
cacy and safety for the symptomatic treatment
of LEMS in a randomized, placebo-controlled
study [16, 17].

The European LEMS registry aimed to collate
observational safety data on treatments offered
to patients with LEMS, particularly 3,4-DAPP,
which was approved in the year before the reg-
istry was initiated [18]. The registry also aimed
to examine long-term outcomes for patients
with LEMS [18].

This analysis disseminates the final results
from a registry study investigating how LEMS is
managed in a real-world setting with a particu-
lar focus on the efficacy and safety of 3,4-DAPP,
expanding on a preliminary report of the base-
line demographics and clinical characteristics of
participants in the European LEMS registry [18].

METHODS

Thirty centers across four countries (Germany,
Italy, Spain, and the UK) participated in the
non-interventional European LEMS registry as
part of the post-approval monitoring program
for 3,4-DAPP. Any patient diagnosed with LEMS
by means of clinical assessment and abnormal
neurophysiological testing, or clinical assess-
ment and positive result for VGCC antibodies,
not participating in a clinical study of 3,4-DAPP,
was eligible to participate. Recruitment began
on 5 May 2010 and the last patient was enrolled
on 2 August 2016. The study was completed in
August 2019. Full study methodology and an
interim analysis of the baseline characteristics
for patients enrolled in the European LEMS
registry was published previously (and is avail-
able open access) [18].

The protocol, patient information sheet, and
consent form were approved by ethics com-
mittees, subject to all applicable local laws. All
procedures followed were in accordance with
the ethical standards of the responsible com-
mittee on human experimentation (institu-
tional and national) and in accordance with the

Helsinki Declaration of 1964, as revised in 2013
(see Table S1 in the supplementary material).

Patients were classified according to their
LEMS treatment(s) at baseline: 3,4-DAPP, 3,4-
DAP, other LEMS treatments (e.g., pyridostig-
mine, corticosteroids, long-term immunosup-
pressive drugs, intravenous immunoglobulin,
etc.) or no designated LEMS-specific treatment,
although most subjects had been receiving
LEMS-specific or LEMS-related treatment(s) for
varying durations and at varying doses at the
time of enrollment into the study. Baseline was
defined as assessments performed ± 1 month
relative to the time of enrollment of a patient
into the registry.

Patients were monitored using standard
assessments currently used to monitor LEMS-
related clinical manifestations and to stage dis-
ease progression across the life-long course of
the disease, including neurophysiological test-
ing (including incremental and decremental
responses to repetitive nerve stimulation), QMG
total score, muscle strength, reflexes, ataxia
assessments, autonomic nervous system (ANS)
function, daily functioning, and EQ-5D health
status. Patients were assessed at enrollment,
then annually or biannually thereafter.

Descriptive statistics are presented. When
statistical data are presented as pooled data, this
refers to data combined from all available
patients across the four treatment groups.
Adverse events were recorded using Medical
Dictionary for Regulatory Activities (MedDRA)
version 12.1.

RESULTS

Baseline Characteristics

Overall, 105 patients were enrolled, of which 96
(91.4%) were evaluable. Duration of participa-
tion ranged from 0.7 to 105.8 months. In total,
36 (37.5%) patients discontinued prematurely.
Fifteen (15.6%) patients died during the follow-
up period (including 6 deaths directly related to
progression of a neoplasm), while 18 (18.8%)
were lost to follow-up and 3 (3.1%) discontin-
ued for other reasons (Supplementary Fig. S1).
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Mean (standard deviation, SD) age at diag-
nosis was 55.9 (13.9) years with patients enrol-
led in the registry at a mean age of 60.0 years.
The majority of patients were Caucasian
(n = 69; 71.9%), 49 (51.0%) were male, and 25
(26.0%) were recorded as having a history of
malignancy (Table S2 in the supplementary
material).

A clinical diagnosis of LEMS was confirmed
using a VGCC antibody test for 56 (58.3%)
patients and confirmatory EMG testing for 38
(39.6%) patients. The nature of confirmatory
testing was not reported for two (2.1%) patients.
Among the 18 patients (18.8%) who underwent
baseline antibody testing at the time of enroll-
ment in the registry (independently of any prior
LEMS diagnosis), 16 (88.9%) were positive for
anti-VGCC antibodies. Patients with auto-
immune LEMS were younger (n = 71;
54.1 years) than patients with paraneoplastic
LEMS (n = 25; 60.0 years).

At enrollment, 50 (52.1%) patients were
being treated with 3,4-DAPP; 74 patients
(77.1%) were exposed to 3,4-DAPP at any time
during the study (Table S3 in the supplementary
material). In addition, 3,4-DAP was being
administered to 21 (21.9%) patients at enroll-
ment, while 29 (30.2%) patients were exposed
to 3,4-DAP at any time during the study. Other
treatments were administered to 25 (26.0%)
patients at enrollment. Frequently administered
concomitant medications included pyridostig-
mine (n = 52; 54.2%), corticosteroids (n = 49;
51.0%), intravenous immunoglobulin (n = 31;
32.3%), and azathioprine (n = 26; 27.1%).

Neurophysiological Testing

Abnormal neuromuscular functioning (brief
percentage increment [increase] in compound
muscle action potential amplitude after a max-
imal voluntary contraction to the resting state,
or more than 10% decrement of the 4th or 5th
amplitude following 3 Hz stimulation, of the
musculus abductor digiti quinti) was common.
Mean (SD) percentage increment after 30 s of
maximal spreading of fingers at baseline among
20 patients with data was 68.9% (138.1) and
mean (SD) percentage decrement of 4th or 5th

amplitude at 3 Hz stimulation at baseline
among 23 patients with data was 21.6% (16.6).
The low number of post-baseline values pre-
vented analysis, but continued abnormal neuro-
muscular function was evident, when assessed.

Quantitative Myasthenia Gravis Score
(QMG)

No differences in total QMG scores were
observed at baseline between treatment groups
for the 85 patients (88.5%) who had data
available (Fig. 1).

Reflex Tone

Most patients had reduced reflex tone at base-
line (Fig. 2). Reduced reflex tone continued to
be observed throughout the course of the study
across all treatment groups.

Muscle Strength

Muscle strength at baseline was generally good
and maintained during follow-up. The majority
of patients in all four treatment groups evalu-
ated as a 4 (movement against partial resistance)
or 5 (full strength) in 12 muscles or muscle
groups. However, duration of follow-up was
substantially longer for patients treated with
3,4-DAPP (up to 78 months versus 54 months
for 3,4-DAP and 18 months for other
treatments).

Ataxia

Ataxia line walk tests were positive for 12/47
(25.5%) patients at baseline (Fig. 3). Between
10.0% and 15.1% of patients had positive ataxia
tests using other methods, including Romberg’s
tests, finger-to-nose test, and knee-to-heel tests
(Fig. 3). Positive ataxia tests were observed in
between 20.5% and 53.6% of patients during
the study (Table 1). Among the 53 patients with
a consistently negative Romberg’s test, 20 had a
positive line walking test and 10 had a positive
finding for any other ataxia test. Thus, cerebel-
lar ataxia, defined as a negative Romberg’s test

1074 Neurol Ther (2022) 11:1071–1083



Fig. 1 QMG scores at baseline for patients enrolled in the
European LEMS registry. 3,4-DAP 3,4-diaminopyridine;
3,4-DAPP 3,4-diaminopyridine phosphate; LEMS

Lambert–Eaton myasthenic syndrome; QMG quantitative
myasthenia gravis score; SD standard deviation

Fig. 2 Prevalence of reduced reflex tone at baseline for patients enrolled in the European LEMS registry. LEMS Lambert–
Eaton myasthenic syndrome

Fig. 3 Prevalence of ataxia signs at baseline for patients enrolled in the European LEMS registry. LEMS Lambert–Eaton
myasthenic syndrome
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and at least one other positive ataxia test, was
observed in 30 (56.6%) patients. Ataxia test
performance was generally maintained during
follow-up.

Autonomic Nervous System Symptoms

Dry mouth (33/61 [54.1%] patients) was the
predominant ANS symptom. No notable ANS
changes were observed during the study.

Daily Functioning

The majority of patients had reduced/limited
functioning at baseline (Table 2). Sustained or
improved functioning was observed in patients
administered 3,4-DAPP during follow-up.

Inconsistent and sporadic occurrences of
functional improvement and regression were
observed with 3,4-DAP and other treatments.
No follow-up assessments beyond baseline were
performed for the unknown treatment group.

Quality of Life

Patients administered 3,4-DAPP had improve-
ments in mean EQ-5D visual analogue scores at
three consecutive follow-up assessment periods
versus baseline (Fig. 4). EQ-5D assessments were
limited by sample size with 3,4-DAP and other
treatments, but deterioration was more com-
mon than improvement.

Safety

Overall, 55 treatment-related adverse events
(AEs) were reported by 32 (33.3%) patients
(Table 3). In total, 47 AEs were reported by 26
(52.0%) patients administered 3,4-DAPP, while
five AEs were reported by three (14.8%) patients
administered 3,4-DAP. One AE was reported by
each of three (12.0%) patients administered
other treatments (prednisone, azathioprine, and
immunoglobulin; n = 1 each). Osteoporosis was
reported by 5 (5.2%) patients. No other treat-
ment-related AEs were reported by more than 3
patients.

Nine treatment-related serious AEs (SAE)
were reported by eight (8.3%) patients, but
multiple confounding factors were identified
for each SAE, limiting interpretation of the
contribution of treatment. One death (cardio-
respiratory arrest) resulted from an SAE and was
assessed as possibly related to a LEMS-specific
medication (3,4-DAPP, pregabalin, paracetamol,
and tramadol), but multiple confounding
comorbidities were identified (ischemic coro-
naropathy, hypercholesterolemia, arterial
hypertension, and Hodgkin’s lymphoma). One
death (Pseudomonas infection) resulting from an
SAE was assessed as possibly related to the
patient’s other medications (hydrocortisone).
No new safety signals were identified for any
treatment, including 3,4-DAPP.

Survival Outcomes

During the study period, 13/25 (52%) patients
with malignancies died (SCLC, n = 5; Merkel
cell carcinoma, gastrointestinal malignancy,
and hematologic malignancy, n = 2 each). Sur-
vival outcomes were similar across malignancies
(Fig. 5). By comparison, there were only two
deaths (2.8%) recorded among patients with
autoimmune LEMS (Fig. 6).

Median survival for patients with comorbid
SCLC was approximately 48 months. The med-
ian time to lung cancer diagnosis after a prior
LEMS diagnosis was 31 days (range 3–84 days).
The median time to a LEMS diagnosis after a
patient had been diagnosed with SCLC was
50 days (range 4–750 days).

Table 1 Ataxia test outcomes for patients enrolled in the
European LEMS registry

Test Patients
(tests)

Patients with
a positive test result
atany time, n (%)

Romberg’s test 75 (368) 22 (29.3)

Finger-to-nose test 78 (373) 16 (20.5)

Heel-to-knee test 72 (335) 19 (26.4)

Line walking test 69 (295) 37 (53.6)

LEMS Lambert–Eaton myasthenic syndrome

1076 Neurol Ther (2022) 11:1071–1083



DISCUSSION

This final analysis of the European LEMS reg-
istry provides further information on the natu-
ral history of LEMS, building on the first
publication related to this registry that pre-
sented the study methodology and baseline
characteristics for the first 69 patients enrolled
[18]. The neurophysiologic profile of patients in

this population, namely a decrement with low-
frequency stimulation and increment with
high-frequency stimulation, were consistent
with the myographic profile of LEMS [6]. Fur-
thermore, no notable changes in muscle
strength, ataxia, reflexes, or ANS symptoms
were observed with time, which was consistent
with the stable disease course observed in a
study of Dutch patients with LEMS [13].

Table 2 Functional assessment outcomes at baseline for patients enrolled in the European LEMS registry

Limited/reduced function
at baseline, n/N (%)

Patients with LEMS
and daily functional
assessment data
(N = 59)

LEMS treatments at baseline

3,4-DAPP
(n = 33)

3,4-DAP
(n = 14)

Other
(n = 9)

Unknown
(n = 4)

Walk upstairs 48/59 (81.4) 30/33

(90.9)

8/13

(61.5)

6/9

(66.7)

4/4

(100)

Cycle 39/51 (76.5) 23/28

(82.1)

6/11

(54.5)

7/8

(87.5)

3/4

(75.0)

Getting up from a low chair with arm support 31/59 (52.5) 19/32

(59.4)

5/14

(35.7)

5/9

(55.6)

2/4

(50.0)

Getting up from a low chair without arm

support

41/57 (71.9) 24/31

(77.4)

8/13

(61.5)

6/9

(66.7)

3/4

(75.0)

Getting up from sitting on one knee 39/51 (76.5) 23/27

(85.2)

7/12

(58.3)

7/9

(77.8)

2/3

(66.7)

Getting up from squatting 41/55 (74.5) 25/31

(80.6)

7/13

(53.8)

7/8

(87.5)

2/3

(66.7)

Climb stairs with arm support 33/58 (56.9) 18/32

(56.3)

6/13

(46.2)

6/9

(66.7)

3/4

(75.0)

Climb stairs without arm support 41/58 (70.7) 24/31

(77.4)

8/14

(57.1)

6/9

(66.7)

3/4

(75.0)

Walking on toes 28/58 (48.3) 16/33

(48.5)

5/13

(38.5)

5/8

(62.5)

2/4

(50.0)

Walking on heels 29/56 (51.8) 18/31

(58.1)

5/13

(38.5)

4/8

(50.0)

2/4

(50.0)

Getting up from a high chair with arm

support

28/57 (49.1) 16/31

(51.6)

5/13

(38.5)

5/9

(55.6)

2/4

(50.0)

Getting up from a high chair without arm

support

33/56 (58.9) 17/30

(56.7)

7/13

(53.8)

6/9

(66.7)

3/4

(75.0)

3,4-DAP 3,4-diaminopyridine; 3,4-DAPP 3,4-diaminopyridine phosphate; LEMS Lambert–Eaton myasthenic syndrome
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The history of malignancies among this
patient population provides important addi-
tional insights into the underlying pathology of
LEMS. The relationship between SCLC and
LEMS is highlighted by the relatively high
prevalence of a current or past history of SCLC
in this registry. Notably, the interrelationship
between SCLC and LEMS was evident with the
rapid time to diagnosis of either condition after

the first diagnosis, although the range was
much longer for patients who had been first
diagnosed with SCLC. In contrast, a LEMS
diagnosis may prompt investigations for the
presence of SCLC. The only other malignancies
observed in more than one participant were
prostate cancer and Merkel cell carcinoma,
which are consistent with a number of case
reports of comorbid LEMS in the literature

Fig. 4 Changes in quality of life measured on a 100-point
VAS for patients enrolled in the European LEMS registry
treated with 3,4-DAPP. 3,4-DAPP 3,4-diaminopyridine

phosphate; LEMS Lambert–Eaton myasthenic syndrome;
QoL quality of life; SD standard deviation; VAS visual
analog score.

Table 3 AEs reported for patients enrolled in the European LEMS registry

AEs (N = 96) Events n (%)

Patients with C 1 AE 298 73 (76.0)

Patients with C 1 LEMS-specific treatment-related AE 55 32 (33.3)

Musculoskeletal and connective tissue disorders 12 (12.5)

Gastrointestinal disorders 13 8 (8.3)

Infections and infestations 10 5 (5.2)

Nervous system disorders 6 5 (5.2)

Metabolic and nutrition disorders 5 4 (4.2)

Cardiac disorders 5 3 (3.1)

Vascular disorders 3 3 (3.1)

General disorders and administration site conditions 3 2 (2.1)

Injury, poisoning, and procedural complications 3 2 (2.1)

Patients with C 1 other treatment-related AE 2 9 (9.4)

AE adverse event; LEMS Lambert–Eaton myasthenic syndrome
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[2, 19]. In addition, the prognosis for a patient
with idiopathic LEMS is similar to a patient
without LEMS, although the prognosis for
patients with paraneoplastic LEMS is deter-
mined by the associated neoplasm [3, 13].

The low prevalence of Merkel cell carcinoma,
rarity of LEMS, and case reports of surgery for
Merkel cell carcinoma resulting in the symp-
toms of LEMS diminishing provide additional
evidence supporting a potential link between
these conditions [20], although the low preva-
lence makes it less obvious than with SCLC. In
particular, Merkel cell carcinoma is nearly
indistinguishable from SCLC histologically [19].
Therefore, it has been recommended that
Merkel cell carcinoma should be considered as a
potential underlying pathology in patients with
LEMS because it can present as occult lymph
node involvement with primary cutaneous
findings absent [19].

The presence of LEMS in patients with pros-
tate cancer is also consistent with several case
reports, as is the presence of thymoma [2]. A
potential correlation between lymphoprolifera-
tive disorders and LEMS has also been noted in
the past [2], but no active cases were reported
among participants with a history of these dis-
orders at the time of enrollment. Furthermore, a

paraneoplastic origin of LEMS among patients
with malignancies other than SCLC in this
study cannot be ruled out. Extrapulmonary
small cell carcinomas are known to present in
the prostate, cervix, gastrointestinal system,
and head and neck region [20]; these are all sites
of reported malignancies in this patient
population.

Beyond the management of any underlying
pathologies, such as a malignancy, effective and
well-tolerated symptomatic treatment is an
important first-line treatment option for
patients with LEMS. Patients with LEMS have
lower health-related quality of life than the
general population, which is largely related to
physical limitations [13].

The European LEMS registry provides addi-
tional support for the risk–benefit balance pre-
viously determined for 3,4-DAPP in the
symptomatic treatment of patients with LEMS.
Short-term outcomes data from phase 3 clinical
trials have previously indicated that patients
with LEMS treated with 3,4-DAPP achieve
improved outcomes compared with placebo
[16, 17]. 3,4-DAPP appeared to be associated
with sustained or improved functioning and
improved patient quality of life during follow-
up in this real-world population, which is con-
sistent with previous observations.

Patients with LEMS often have a poor or very
poor health status and impaired quality of life,
with 75% of patients reporting activities of daily

Fig. 5 Survival of patients with LEMS with SCLC versus
other malignancies. Two patients with other malignancies
are excluded from this analysis because the date of
diagnosis was not available. One patient with colon cancer
died and one patient with malignant thymoma remained
alive at the end of follow-up. LEMS Lambert–Eaton
myasthenic syndrome, SCLC small cell lung cancer

Fig. 6 Survival of patients with LEMS and no history of
malignancy. LEMS Lambert–Eaton myasthenic syndrome
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living always or often being affected by LEMS
[7].

The observations made in this study are
consistent with an earlier case series that
reported improved daily function over 5 years
of treatment with 3,4-DAPP [21]. However,
improved ANS symptoms were not observed in
this study, which may be a function of many
patients in the LEMS registry being co-admin-
istered anticholinesterase therapy, whereas 3,4-
DAPP was only administered in combination
with corticosteroid or immunosuppressant
therapy in this case series [21]. Tests for ANS
symptoms, such as salivation, may also lack
sensitivity in patients with LEMS [6].

Furthermore, in both studies no difference in
QMG outcomes was observed with 3,4-DAPP
treatment, but mean QMG score was notably
higher in this study (6.6) than the case series
(2.86), with no patient in the case series regis-
tering a value greater than 6 at any time [21].
Early studies of 3,4-DAP also indicated that
treatment efficacy is maintained after a mini-
mum of 15 months follow-up, suggesting no
clinically relevant receptor desensitization or
downregulation in response to treatment [22].

Data on the long-term safety of 3,4-DAP and
3,4-DAPP is limited, despite preclinical studies
identifying the potential for 3,4-DAP to affect
the cardiovascular, nervous, and gastrointesti-
nal systems, and induce salivation and miosis
[6]. AEs associated with 3,4-DAP therapy are
generally mild and include perioral and
extremity paresthesias, nausea, vomiting, and
elevated liver enzymes [3], and 3,4-DAPP was
well tolerated by patients in this registry with
no new safety signals observed. Paresthesias
were reported by 10 out of 12 patients in the
initial study of 3,4-DAP in patients with LEMS
[22], but were not observed in any patients in
the European LEMS registry.

Seizures have been reported in patients
administered 3,4-DAP, but are rare because of
the low penetration of 3,4-DAP into the central
nervous system. Therefore, seizures are gener-
ally associated with doses well above the rec-
ommended daily intake [3]. Earlier studies have

also demonstrated no significant pharmacoki-
netic interaction between 3,4-DAP and co-
administered pyridostigmine [9].

3,4-DAPP offers key advantages over 3,4-
DAP, including a shorter time to peak concen-
tration and is associated with higher plasma
drug concentrations [6]. The standardized
preparation of 3,4-DAPP in tablet form also
avoids the variability associated with 3,4-DAP
compounding [14].

Immunosuppressant therapies may also be
efficacious in patients with LEMS, but are asso-
ciated with an increased risk of AEs compared
with aminopyridines or anticholinesterase
therapy. However, immunosuppressant therapy
may not be appropriate for the approximately
50–60% of patients with LEMS who also present
with SCLC, who may be undergoing
chemotherapy [6, 8]. Long-term follow-up of
patients with LEMS has also found that a higher
proportion reported independent self-care after
initiating treatment with 3,4-DAP or pyrido-
stigmine [13].

This study is limited by its non-interven-
tional, observational registry design, which
meant that treatments and assessments were at
the discretion of the treating physician and
often varied across time and between patients.
Furthermore, many patients were lost to follow-
up and the non-standard approach to LEMS-
related testing across participating centers lim-
ited sample sizes. The rarity of LEMS also limits
the ability to perform any statistical analyses or
correlate any underlying pathologies with the
presence of LEMS. Patients with paraneoplastic
LEMS may also have been referred for antineo-
plastic therapy and not enrolled in the registry.

CONCLUSIONS

LEMS negatively affects quality of life, but is
associated with a stable disease course that can
be managed with symptomatic treatment. No
new safety signals were observed following
long-term symptomatic management of LEMS
with 3,4-DAPP.
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