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AbstrACt
Introduction Spinal and bulbar muscular atrophy (SBMA) 
is a slowly progressive neuromuscular disease. Cold 
exposure often leads to worsening of motor symptoms 
including paresis. Although mexiletine hydrochloride 
administration has been shown to be effective for the 
treatment of several muscular diseases, its effectiveness 
in SBMA has not been validated to date. The trial will test 
it as a symptomatic drug for cold paresis. This study is the 
first trial to evaluate the efficacy and safety of mexiletine 
hydrochloride administration in patients with SBMA.
Methods and analysis A placebo-controlled, randomised, 
double-blind, multicentre, crossover clinical trial will be 
conducted to assess the safety and efficacy of mexiletine 
hydrochloride in patients with SBMA. The eligible patients 
will be assigned randomly in a 1:1 ratio to two groups in 
a double-blind manner. Participants will take mexiletine 
hydrochloride (300 mg/day) or a placebo orally three times 
a day for 4 weeks (period 1). After a 1-week washout 
period, participants will take the other drug for 4 weeks 
(period 2). The primary endpoint is the difference in distal 
latencies between room temperature and cold exposure 
conditions.
Ethics and dissemination This study will be conducted 
in compliance with the Helsinki Declaration and the Ethical 
Guidelines for Medical and Health Research Involving 
Human Subjects by the Japanese government and 
has been approved by the ethics committee of Nagoya 
University Graduate School of Medicine, as a central 
institutional review board, and by each facility. The results 
will be disseminated in peer-reviewed journals and at 
scientific conferences.
trial registration number UMIN000026150; Pre-results.

IntroduCtIon 
Spinal and bulbar muscular atrophy (SBMA), 
or Kennedy disease, is a slowly progressive 
lower motor neuron and muscular disease 
characterised by bulbar and limb muscle 

weakness and elevated serum creatine kinase 
levels.1–3 SBMA is caused by the expansion 
of a cytosine, adenine and guanine (CAG) 
repeat within the first exon of the androgen 
receptor (AR) gene.4 The mutant AR protein 
induces degeneration of motor neurons and 
skeletal muscles.2 5 Muscular weakness gener-
ally appears between 30 and 60 years of age, 
and the affected subjects typically require a 
wheelchair 15 to 20 years after the onset of 
muscular weakness.2 Patients often experi-
ence muscular weakness or myotonia-like 
muscle contraction during cold exposure, 
which may result in a deterioration of activ-
ities of daily living (ADL).6 

In patients with non-dystrophic myotonia 
caused by gene mutations that encode chlo-
ride and sodium channels on skeletal muscles, 

strengths and limitations of this study

 ► Cold paresis is a well-known symptom in patients 
with spinal and bulbar muscular atrophy  (SBMA); 
however, no therapies that provide symptomatic re-
lief are currently available.

 ► This trial is the first randomised controlled trial to 
evaluate the efficacy and safety of mexiletine hydro-
chloride in patients with SBMA.

 ► An objective index, a change in the difference in the 
distal latencies between room temperature and cold 
exposure conditions, has been adopted as the pri-
mary endpoint.

 ► It might be difficult to assess the questionnaire 
for paresis in summer, as cold paresis is likely to 
be mild with high temperature. Therefore, trial en-
rolment and duration may have to be regulated to 
ensure robustness of data.
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cold exposure is the most common trigger of muscular 
weakness and myotonia.7 Muscular weakness caused by 
cold exposure was also reported in patients with multi-
focal motor neuropathy.8 Although myotonia is rare in 
SBMA, muscular weakness during cold exposure often 
occur in patients with this disease. Given that cold paresis 
has been seen in myotonic disorders such as paramyo-
tonia congenita,9 10 SBMA and myotonic disorders may 
share common pathophysiology. Low temperatures 
slow both opening and closing of the Na/K pump due 
to the thermal reduction of its ATPase activity, leading 
to a slow conduction velocity and weakness.11–13 Simi-
larly, the depolarisation of muscle fibres depends on the 
influx of Na+ ions; therefore, lower temperatures prolong 
the depolarisation of each muscle fibre potential. Cold 
paralysis and myotonia is caused by muscle membrane 
hyperexcitability13–15; several possible mechanisms may 
be involved, including a reduction in the resting chloride 
conductance and/or a gain of function in voltage-de-
pendent sodium channels that lead to excessive sodium 
current in skeletal muscle.15

Therefore, due to the membrane hyperexcitability 
in SBMA, we hypothesised that voltage-gated sodium 
channel blockers such as mexiletine hydrochloride could 
be effective in reducing the severity of cold paresis. We 
designed the MEXiletine hydrochloride administration 
trial: a placebo-controlled, randomised, double-blind, 
multicentre, crossover study of the efficacy and safety in 
spinal and bulbar muscular atrophy (SBMA), also known 
as the MEXPRESS study. Although mexiletine hydro-
chloride administration has been shown to be effective 
in several neuromuscular diseases such as non-dystrophic 
myotonia and Machado-Joseph disease, its effectiveness as 
a symptomatic therapy for SBMA has not been confirmed 
to date.7 16 17 This study is the first to evaluate the efficacy 
and safety of mexiletine hydrochloride administration on 
cold paresis in patients with SBMA.

MEthods And AnAlysIs
Ethical approval and trial registration
This study will be conducted in compliance with the 
Helsinki Declaration and the Ethical Guidelines for 
Medical and Health Research Involving Human Subjects 
by the Japanese government and was approved. The 
study (protocol version 01.01.00) was registered with 
the University Hospital Medical Information Network 
(UMIN) Clinical Trials Registry (UMIN000026150) 
before the recruitment period began.

study design
We followed the Standard Protocol Items for Randomised 
Trials recommendations when preparing the present 
protocol.18 19 This study is a multicentre, randomised, 
double-blind, placebo-controlled, 2×2 crossover, phase II 
trial to assess the safety and efficacy of mexiletine hydro-
chloride in patients with SBMA in accordance with the 
Consolidated Standards of Reporting Trials guidelines.20

recruitment and setting
The study is being conducted in five Japanese centres 
located in universities, national centres and general 
hospitals. All participants will be recruited from the 
outpatient setting of these hospitals. Neurologists, who 
are investigators or coinvestigators, will identify patients 
with SBMA and will provide sufficient information about 
the explanatory statement. The neurologists will also 
provide the informed consent form to the candidates 
before they participate in the study. All participants 
will give their written informed consent for participa-
tion in the trial prior to screening. After the screening 
assessment for eligibility is completed, the neurologists 
will evaluate patient eligibility using a checklist and will 
register patients for this trial.

Eligibility criteria
After obtaining informed consent, potential participants 
will be screened for eligibility within 4 weeks prior to 
enrolment in this study by assessing vital signs, grip power, 
blood tests and ECG results. The inclusion and exclusion 
criteria are listed in box 1.

Intervention
Participants will begin oral administration within 4 weeks 
after the screening. Each participant will take an overen-
capsulated 100 mg of mexiletine hydrochloride (Boeh-
ringer Ingelheim GmbH, Ingelheim, Germany) or lactose 
orally after every meal, three times a day for 4 weeks 
during intervention periods 1 and 2. Study participants 
will be assessed at least four times during the trial: on the 
start date of intervention period 1 (V1), on the comple-
tion date of intervention period 1 (V2), on the start date 
of intervention period 2 (V3) and on the completion 
date of intervention period 2 (V4). They will undergo 
neurological assessments, peripheral nerve conduction 
studies, motor function tests and pulmonary function 
tests and will complete several questionnaires. Drug treat-
ment will be initiated after the baseline assessment (V0,2). 
The participants will undergo efficacy assessments after 
4 weeks in both periods (V1,3). The participants will be 
asked about any adverse symptoms and their physical 
conditions using the interactive voice response (IVR) 
diary and via a telephone survey every week during both 
intervention periods (T1–6). Mexiletine hydrochloride 
has a half-life of 10 hours in the blood. Therefore, we will 
establish a 7-day washout period between the two inter-
vention periods (figure 1, table 1).

To improve adherence, participants will be asked to 
return any unused drug tablets and their daily medica-
tion diaries. To avoid the effect of other treatments when 
evaluating the effectiveness of this drug, participants will 
be prohibited from using the following medicines until 
the end of the evaluation period: luteinizing hormone-re-
leasing hormone (LH-RH) agonists, LH-RH antago-
nists, testosterone drugs, 5-alpha-reductase inhibitors, 
antiandrogen drugs, protein anabolic hormones, proges-
terone drugs, oestrogen drugs, antiarrhythmic drugs, 
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antiepileptic drugs, cimetidine, rifampicin, theophylline 
and any unapproved drugs. The examined drug will be 
discontinued if a patient is found to have a serum potas-
sium level less than 3.5 mEq/L during the trial.

outcome measures
The primary endpoint of this trial will be the longitudinal 
change in the difference in distal latencies of the ulnar 
nerve at the wrist in the dominant hand under room 
temperature and cold exposure conditions after 4 weeks 
in periods 1 and 2. Electrophysiological examinations of 
the peripheral nerves will be conducted using a Nicolet 
Viking EDX (Natus Medical Incorporated, Pleasanton, 

California, USA). Peripheral nerve conduction studies of 
the ulnar nerve at the wrist will be performed at room 
temperature and after cold exposure. Cooling will be 
performed in the upper limbs for 7 min in cold water at 
15°C.21–25

Secondary outcome measures will include the quan-
titative muscle strength in the upper limbs (grip power, 
pinch power and a 10 s grip and release test26) both before 
and after cold exposure, tongue pressure,27 five compo-
nents of the Quantitative Myasthenia Gravis (QMG) 
score (excluding the ptosis and diplopia sections)28 
and a 15-foot timed walk test.29 We will also evaluate the 
longitudinal change in the Revised Amyotrophic Lateral 
Sclerosis Functional Rating Scale30–32 and the Spinal and 
Bulbar Muscular Atrophy Functional Rating Scale which 
is a validated, disease-specific scale with a high sensitivity 
to disease progression in SBMA.33 We will evaluate muscle 
mass with dual-energy X-ray absorptiometry (DXA) using 
fan-beam technology (Discovery A; Hologic, Bedford, 
Massachusetts, USA). The sum of the appendicular lean 
soft tissue mass measured with DXA has been validated 
by the skeletal muscle mass measurement using MRI and 
CT.34–36 We will also evaluate the 36-Item Short Form 
Health Survey,37 Individualised Neuromuscular Quality of 
Life questionnaire,38 IVR diary,16 39 respiratory function 
values (vital capacity, forced vital capacity, percentage of 
forced expiratory volume in one second, peak expiratory 
flow, respiratory resistance and flow–volume curve)40 and 
blood tests (complete blood count, electrolytes, creati-
nine, creatine kinase,41 42 aldolase, lactate dehydrogenase, 
aspartate aminotransferase, alanine aminotransferase 
and testosterone).

sample size calculation
Under the assumptions of no carryover effect, no period 
effect and no interactions between patients, treatments 
and periods, we calculated the sample size based on 
a paired t-test. The expected difference in the primary 
endpoint between the two groups was set to 0.768, and the 
SD was estimated to be 0.9. Each pair of measurements in 
the same patient will have a correlation of approximately 
0.35. Based on these configurations, a sample size of 20 is 
required to reject the null hypothesis, such that the popu-
lation means of the experimental and control groups are 
equal with a probability of 0.8 and a two-sided significance 
level of 0.05.

randomisation and blinding
Randomisation, stratified by the disease duration (0–9/≥10 
years from onset) and the CAG repeat size in the AR gene 
(38–49/≥50 number), will be performed with a comput-
er-generated random code assigned by a central interac-
tive web response system at Nagoya University Hospital. A 
double-blind study will be conducted to achieve a higher 
standard of scientific rigour in evaluating the efficacy and 
safety of the study agent. A medical doctor who specia-
lises in clinical trials at the external facility will be dele-
gated as the ‘allocator’, who is responsible for treatment 

box 1 the inclusion and exclusion criteria

Inclusion criteria:
1. Male patients with 38 or more cytosine, adenine and guanine (CAG) 

repeats in the androgen receptor gene.
2. Patients with muscle weakness due to lower motor neuron loss (bul-

bar palsy or extremity palsy).
3. Patients with paresis like sudden and relevant loss of force that af-

fect activities of daily living of themselves when exposed to cold 
temperatures.

4. Patients between 20 and 80 years of age at the time of agreement 
to participate.

5. Patients who are capable of ambulatory hospital visits.
6. Patients whose hepatic and renal functions meet the following cri-

teria: serum AST, ALT: <4.0 * upper limit of institutional reference 
value. Serum creatinine: <1.5 * upper limit of institutional reference 
value.

7. Patients providing written informed consent.

Exclusion criteria:
1. Patients who have hypersensitivity to mexiletine hydrochloride.
2. Patients with second-degree atrioventricular block, third-degree 

atrioventricular block or left bundle branch block.
3. Patients with a Brugada-type ECG pattern.
4. Patients with a history of myocardial infarction, valvular disease or 

cardiomyopathy.
5. Patients whose heart rate is 50/minute or less.
6. Patients with severe liver or renal dysfunction.
7. Patients with heart failure.
8. Patients whose systolic blood pressure is 90 mm Hg or less.
9. Patients with ulnar neuropathy at the dominant hand.

10. Patients whose serum potassium level is 3.5 mEq/L or less.
11. Patients who take antiarrhythmic drugs.
12. Patients who take antiepileptic drugs.
13. Patient with neurological disorders other than spinal and bulbar 

muscular atrophy .
14. Patients whose glycated  haemoglobin National Glycohemoglobin 

Standardization Program (NGSP) level is 6.5% or more.
15. Patients who take hypoglycaemic drugs.
16. Patients with alcohol addiction.
17. Patients with drug addiction.
18. Patients who take cimetidine, rifampicin or theophylline.
19. Patients with severe complications such as serious infectious dis-

ease, postoperation, terminal cancer or debilitation.
20. Patients whose grip power in the dominant hand is less than 10 kg.
21. Patients who are judged to be inappropriate to participate in the 

trial for any other reasons.
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Figure 1 Flow diagram for the randomised controlled trial.

Table 1 Schedule of procedures, interventions and assessments

Screening Registration V1 V2 V3 V4

T1–3 4–5 Week T4–6

(Telephone) (Washout) (Telephone)

Agreement ○
Registration ○
Assignment ○
Prescription ○ ○
Collect leftover medicine ○ ○
Daily medication diary ○ ○
Grip power ○ ○ ○ ○ ○
Pinch power ○ ○ ○ ○
10 s grip and release test ○ ○ ○ ○
Tongue pressure ○ ○ ○ ○
mQMG score ○ ○ ○ ○
Timed walk test ○ ○ ○ ○
Peripheral nerve conduction studies ○ ○ ○ ○
Blood examination* ○ ○ ○ ○ ○
ECG ○ ○ ○ ○ ○
DXA ○
Respiratory function test ○ ○ ○ ○
ALSFRS-R ○ ○ ○ ○
SBMAFRS ○ ○ ○ ○
SF-36 ○ ○ ○ ○
INQoL ○ ○ ○ ○
IVR diary ○ ○ ○ ○ ○ ○ ○
Vital signs ○ ○ ○ ○ ○

*Complete blood count, electrolytes, creatinine, creatine kinase, aldolase, lactate dehydrogenase, aspartate aminotransferase, alanine 
aminotransferase, and testosterone. 
ALSFRS-R, revised Amyotrophic Lateral Sclerosis Functional Rating Scale; DXA, dual-energy X-ray absorptiometry; INQoL, Individualised 
Neuromuscular Quality of Life questionnaire; IVR, interactive voice response; mQMG, Modified Quantitative Myasthenia Gravis; SBMAFRS, 
Spinal and Bulbar Muscular Atrophy Functional Rating Scale; SF-36, 36-Item Short Form Health Survey; V1, intervention period 1; V 
2, intervention period 2; V3, intervention period 3; V4, intervention period 4. 
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allocation. The allocator will ensure that it is impossible 
to determine whether the study agent is mexiletine hydro-
chloride or a placebo by its appearance or package. The 
allocator will ensure that the allocation code/list will be 
kept in a sealed envelope and that the allocation will be 
concealed before unblinding.

Efficacy and safety/tolerability data analyses
Efficacy data analyses
The primary endpoint of efficacy will be the longitu-
dinal change in the difference in distal latencies of the 
ulnar nerve at the wrist in the dominant hand between 
the room temperature and cold exposure conditions 
at 4 weeks. In the primary analysis, we will examine the 
superiority of the mexiletine hydrochloride groups to the 
placebo-treated group using a mixed effect model for the 
primary endpoint. Secondary endpoints will be analysed 
using the mixed effect model, χ2 test, unpaired t-test and 
Wilcoxon signed-rank test depending on the characteris-
tics of the data. All analyses will be conducted based on 
the intention-to-treat (ITT) principle, which will include 
all randomly assigned patients who received the study 
medication and provided at least one postbaseline efficacy 
datum, as well as the per-protocol set, which will include 
all ITT patients with no important protocol violations 
relevant to the assessment of the study agent efficacy. A 
two-sided value of p<0.05 will be considered statistically 
significant. All statistical analyses will be performed using 
the SAS (V.9.4; SAS Institute, Cary, North Carolina, USA).

Safety/tolerability data
Safety will be evaluated in all patients who receive the 
study agent at least once. The safety and tolerability 
assessments including subjective and objective neurolog-
ical symptoms including cold paresis, vital signs, medical 
examination findings, clinical laboratory data, ECG 
results and the intensity of adverse events (AEs) will be 
evaluated for each patient. Severe AEs will be defined as 
incapacitating or causing inability to work or undertake 
usual activities. Each AE will be coded to a preferred term 
and will be associated with an organ system according to 
an established and validated adverse reaction dictionary 
(MedDRA/J, V.18.0). An independent data and safety 
monitoring board will monitor AEs.

Patient and public involvement
We consulted patient representatives about the protocol 
development and recruitment. Prior to this trial, we 
performed peripheral nerve conduction studies prelim-
inarily to determine the primary endpoint of this trial in 
subjects with SBMA with cold paresis who periodically 
attend the outpatient clinic. To enable subjects who 
participated in the preliminary study to join this trial 
preferentially, at the beginning, we will recruit them. We 
also informed and recruited participants through UMIN 
Clinical Trials Registry. For randomised controlled trials, 
the burden of the intervention will be assessed by patients 
themselves prior to participating in the trial.

EthICs And dIssEMInAtIon
research ethics approval
Participants will provide signed informed consent before 
participating in the study. Participants will be able to 
withdraw from the study at any point. No reason for with-
drawal will be required.

Confidential
Personal information about potential and enrolled partic-
ipants will be stored in a manner that no third party may 
have access thereto.

dissemination
The results of the study will be disseminated via several 
avenues including peer-reviewed journal publications, 
conference presentations, the UMIN Clinical Trials 
Registry and a summary of findings provided to the 
participants.

Ethics approval Ethics committee of Nagoya University 
Graduate School of Medicine, as a central institutional 
review board, and by each facility in Februaly and March 
in 2017. 
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