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ABSTRACT

Introduction: Currently available analgesics are
ineffective in 30-50% of patients suffering from
neuropathic pain and often induce deleterious side
effects. T-type calcium channel blockers (mibefradil,
ethosuximide, NNC 55-0396) are of great interest for
the development of new symptomatic treatments of
neuropathic pain, due to their various effects on pain
perception. Interestingly, ethosuximide, which has
already been approved for treating epilepsy, is available
on the European market for clinical use. Despite
numerous preclinical data demonstrating an
antinociceptive effect of ethosuximide in various animal
models of neuropathic pain, no clinical studies have
been published to date on the analgesic efficacy of
ethosuximide in patients with neuropathic pain.
Methods and analysis: The Ethosuximide in the
Treatment of non-Diabetic Peripheral Neuropathic Pain
(EDONQT) trial is a randomised, parallel, controlled,
double-blinded, multicentre clinical study. It is the first
clinical trial to evaluate the efficacy and safety of
ethosuximide in the treatment of non-diabetic
peripheral neuropathic pain. Adult patients exhibiting
peripheral neuropathic pain (Numeric Rating Scale
(NRS) >4 and Douleur Neuropathique 4 (DN4)>4) for
at least 3 months and under stable analgesic
treatment for at least 1 month will be included.
Patients (n=220) will be randomly assigned to receive
either ethosuximide or control treatment for 6 weeks
following a 1 week run-in period. The primary end
point is the intensity of neuropathic pain, assessed by
NRS (0-10) before and after 6 weeks of treatment.
The secondary end points are safety (adverse events
are collected during the study: daily by the patient on
the logbook and during planned phone calls by
investigators), the intensity and features of
neuropathic pain (assessed by Brief Pain Inventory
(BPI) and Neuropathic Pain Symptom Inventory

Strengths and limitations of this study

= Randomised, double-blinded and controlled
study.

= Larger study (220 patients).

= The treatment duration is shorter (6 weeks) than
the current recommendations (>12 weeks).

= An inactive control rather than a placebo.

= Patients with diabetes were not considered.

(NPSI) questionnaires) and health-related quality of
life (assessed by Medical Outcome Study Short Form
12 (MOS SF-12) and Leeds questionnaires).

Ethics and communication: The study was
approved by an independent ethics committee (CPP
Sud-Est VI, France, IRB00008526) and registered by
the French competent authority (Agence nationale de
sécurité du médicament (ANSIM)).

Trial registration number: NCT02100046,
Recruiting.

INTRODUCTION

Currently, there is evidence that voltage-
gated calcium channels modulate pain per-
ception due to their influence on neuronal
transmission and excitability. In the past,
attention was focused on the modulation of
high voltage-activated calcium channels
(Cavl and Cav2 families). Recently, scientific
interest has turned to low voltage-activated
calcium channels (Cav3 family), so-called
T-type channels. Since this change of direc-
tion, the literature has emphasised
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significant involvement of these channels in the physi-
ology of nociception and chronic pain processes (for a
review see ref. 1).

The analgesics currently available often lack efficacy in
the treatment of neuropathic pain and have fairly poor
tolerability (for a review see ref. 2). Thus, the clinical
use of inhibitors of T-type calcium channels would not
only help the development of new therapies for the
treatment of neuropathic pain, whose prevalence is esti-
mated at 7-8% in Europe (5% for moderate and severe
pain),?’_9 but it would also have an economic impact due
to the low sales price of the currently available inhibitor,
Zarontin (200 mL syrup; 250 mg/5 mL).

T-type calcium channels and pain

Cloning the o-1 subunit of T-type channels revealed at
least three subtypes: o-1G (Cav3.1),'"" o-1H (Cav3.2)"
and o-11 (Cav3.3)."” T-type calcium channels possess a
unique property in neuronal excitability processes:'® '*
activation by weak depolarisation of the cell mem-
brane. This makes them capable of playing a role in
different neurophysiological processes in neurons: the
initiation of action potentials or spike trains, intracellu-
lar calcium influx, the release of neurotransmitters
and the amplification of weak dendritic signals (inhibi-
tory and excitatory postsynaptic potentials; for a review
see ref. 1).

Several in vitro and in vivo studies have identified
various functions of T-type calcium channels, including
their involvement in nociception and their contribution
in the development of acute and chronic pain (neuro-
pathic, visceral and inﬂammatory).l‘r’_19 T-type channel
inhibition achieved by various experimental approaches
(genetic and pharmacological) induces an analgesic
effect in different types of painful conditions and in
various pathological contexts. The main pharmaco-
logical compounds used to assess the analgesic proper-
ties of T-type channels are ethosuximide®™ and
mibefradil.*'

Ethosuximide and peripheral neuropathic pain
Ethosuximide is currently used in children and adults to
treat absence seizures but it has no indication for pain
relief. Considering the role of T-type calcium channels
in nociceptive processes, several preclinical studies have
investigated the effect of ethosuximide on pain, espe-
cially in the context of neuropathic pain. According to
these studies, ethosuximide exhibited a relevant anal-
gesic and antihyperalgesic effect and reduced painful
symptoms related to neuropathic syndrome, suggesting
the role of T-type calcium channels in the initiation and
maintenance of neuropathic pain.

Ethosuximide possesses a moderate analgesic property
in healthy rats®* but completely removes painful neuro-
pathic symptoms induced by sciatic and spinal nerve
ligation.Q?’

Several cytotoxic chemotherapies may induce neuro-
pathic syndrome (including neuropathic pain), thus

limiting their use in patients. Flatters and Bennett™
showed that systemic injection of ethosuximide relieved
mechanical and thermal cold allodynia in rats after
receiving anticancer therapy (paclitaxel or vincristine).
Similar results were found in a model of oxaliplatin-
induced peripheral neuropathy.” In addition, the
chronic use of ethosuximide in these animal models
does not induce tolerance.

No preclinical studies have evaluated the potential
benefit of the use of ethosuximide in the context of dia-
betic neuropathy, but two preclinical studies have shown
a relationship between T-type channels (Cav3.2
member) and diabetic neuropathy: the knock-out
animals for Cav3.2 channels®® and receiving Cav3.2 anti-
sense RNA*” do not develop allodynia or hyperalgesia
induced by diabetic neuropathy.

Ethosuximide, action mechanism and safety in humans
Ethosuximide is a succinimide anticonvulsant, which is
marketed since 1988 and is on the WHO’s List of
Essential Medicines.”® It is considered as the first-line
treatment for treatment of absence seizures, partly
because it is devoid of idiosyncratic hepatotoxicity, con-
trary to valproic acid, the alternative treatment *° The
mechanism by which ethosuximide affects neuronal
excitability mainly includes block of T-type calcium
channels, and may include effects of the drug on other
classes of ion channels.?*~*?

Ethosuximide is rapidly and almost completely
absorbed after oral administration. Peak plasma levels of
38 pg/mL are observed on average 3-7 hours after
administration of a single dose of 500 mg in children. In
adults, steady state is reached in about 7 days. The
residual plasma levels are at 34 pg/mL on average, for a
daily intake of 500 mg. Therapeutic blood levels of etho-
suximide vary between 40 and 100 pg/mL. The volume
of distribution of ethosuximide is about 0.7 L/kg. It
does not bind to plasma proteins. It is found in the cere-
brospinal fluid, saliva, tears and breast milk in concen-
trations similar to those of the plasma. It is extensively
metabolised mainly by oxidative pathway in at least three
metabolites. Only 20% of the administered dose is recov-
ered in urine. The primary metabolite in urine and
representing 60% of the total dose is 2-(1-hydroxyethyl)-
2-methyl suximide.

The halflife of plasma elimination is ~60 hours in
adults and about 30 hours in children due to a higher
metabolic clearance.

The safety profile of ethosuximide is similar with
other antiepileptic drugs (AEDs). Frequently listed side
effects are dyspepsia (nausea, epigastric pain, bloating
and loss of appetite), dizziness, headache, ataxia, skin
rash and vomiting. The potential advantage of ethosuxi-
mide resides in its mode of action that is different from
other AEDs used in neuropathic pain treatment.
Indeed, gabapentinoids act primarily on the o2 &
subunit of calcium channel,33 5% while ethosuximide acts
primarily on T-type calcium channels (having no o-2 §
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subunit).'” This specific pharmacological profile could
provide ethosuximide same efficacy in patients who are
not sufficiently relieved by gabapentinoids.

No clinical studies have evaluated the potential
benefit of the use of ethosuximide in the context of per-
ipheral neuropathy. If the analgesic efficacy and good
safety of ethosuximide is demonstrated, a comparison
with other reference AEDs in the treatment of neuro-
pathic pain should be considered.

Rationale for this pilot study

Owing to their various involvements in the develop-
ment and maintenance of chronic pain, T-type calcium
channels are of great interest for the development of
new symptomatic treatments of mneuropathic pain.
Analgesics available in our pharmacopoeia are ineffective
and poorly tolerated in many patients with neuropathic
pain. Interestingly, Zarontin which contains the active
substance ethosuximide (T-type calcium blocker) is
available on the European market for epilepsy. Despite
this and numerous preclinical data demonstrating the
antinociceptive effect of ethosuximide in various
models of neuropathic pain, no clinical studies have
been published to date on the therapeutic efficacy of
ethosuximide in patients with neuropathic pain.
Preclinical arguments and the absence of clinical evalu-
ation provide the rationale for conducting the first
pilot clinical trial to assess the potential benefit of
using ethosuximide in the treatment of neuropathic
pain.

METHODS AND ANALYSIS

The present study is a randomised, parallel, controlled,
double-blinded and multicentre phase II clinical trial to
evaluate the efficacy and safety of ethosuximide in
patients with non-diabetic peripheral neuropathic pain.
Two hundred and twenty patients from 19 clinical sites
in France are planned for inclusion. The study duration
for each patient included will be 7 weeks, including a
1 week run-in period and 6 weeks of treatment.

Study objectives
The primary objective of this study is to evaluate the
analgesic efficacy of ethosuximide administered in add-
ition to background therapy to patients with peripheral
neuropathic pain, versus inactive control.
Secondary objectives will be to study the effects of
ethosuximide on:
» The intensity of daily pain (average and maximum
pain experienced) throughout the study,
» The characteristics of neuropathic pain at the end of
6 weeks treatment,
» The health-related quality of life (HRQoL; physical
and mental) at the end of 6 weeks treatment,
» The patient’s quality of sleep throughout the study,
» The Patient’s Global Impression of Change (PGIC) at
the end of 6 weeks treatment.

Inclusion and exclusion criteria
Participants will be patients with peripheral neuropathic
pain diagnosed for more than 3 months and not
relieved by the usual treatments (see details in box 1).
No therapeutic change will be generated by the proto-
col; patients will be treated with ethosuximide or inactive
control in addition to their current treatment for neuro-
pathic pain. However, no therapeutic change for neuro-
pathic pain will be allowed at any time during the study.
Patients can be withdrawn from the study for any of
the following reasons: modification of the analgesic
therapy, intolerance to ethosuximide, withdrawal of
consent, breach of protocol, significant adverse events.

Investigational medicinal product

To ensure the double-blind condition, therapeutic units
will be kept in similar bottles and labelling will be per-
formed to mask brand names.

Zarontin (Pfizer, ethosuximide)

The active substance is ethosuximide. This is an AED
and a T-type calcium channel blocker. It is currently

Box 1

Inclusion and exclusion criteria of the study

Inclusion criteria

» Man or woman aged 18 or over.

» Negative pregnancy test and effective contraception.

» Peripheral neuropathic pain diagnosis ( Douleur Neuropathique
4 (DN4) >4).%

» Treatment failure (Numeric Rating Scale (NRS) pain >4) for at
least 3 months despite stable analgesic treatment for 1 month.

» Normal liver function (Alanine Aminotransferase (ALT),

Aspartate  Aminotransferase (AST), Alkaline Phosphatase

(ALP), Gamma-GT (GGT) <3N).

Normal renal function (creatininaemia <133 umol/L).

Haematocrit >38% (men) and >34% (women).

Patients affiliated with the French Social Security system.

Patients able to provide free and informed consent.

Exclusion criteria

» Breast feeding.

» Central neuropathic pain (spinal or supraspinal), stroke type or

spinal cord injury, phantom limb pain, fibromyalgia.

Medical and surgical history incompatible with the study.

Addiction to alcohol and/or drugs.

Taking antiepileptics (carboxamide family).

Patient treated with ethosuximide.

Allergy to succinimide (ethosuximide,

phensuximide).

Psychotic disorders.

Epilepsy.

Malabsorption of glucose and galactose.

Patients with diabetes.

Sucrase/isomaltase deficit.

Participation in another clinical trial.

Clinical trial exclusion period.

Total amount of compensation higher than €4500 for the

12 months preceding the start of the trial.

Insufficient cooperation and understanding to adhere strictly

to the conditions demanded by the study.

» Patients subject to legal protection.

vVvyy

vVVvVvYyyvVYyYy

methsuximide,

VVVVVYVYYVYY

v
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authorised in Europe for the treatment of epilepsy. It is
active on absence seizures and used alone or in combin-
ation with another AED in the treatment of generalised
epilepsies.

Ethosuximide will be administered two times a day,
morning and evening during meals for 42 days
(6 weeks). The dosage will be increased very gradually
250 mg (5 mL) every 4 days until reaching the maximum
dose at 20 mg/kg (or 1500 mg) per day, which corre-
sponds to the current summary of product character-
istics. However, if during the titration phase, the patient
reports uncomfortable adverse effects, the investigator
has the option to continue treatment at the lower dose
level, if well tolerated, up to the end of the study. This
pragmatic attitude corresponds to current clinical prac-
tice and is aimed at reducing the risk of study discontinu-
ation. It will also provide information on the dose with
the best benefit/risk ratio in this indication.

Inactive control

Stodal (Boiron Laboratories) is a homeopathic syrup

indicated for the treatment of cough. The choice of this

homeopathic syrup as inactive control is justified by
several arguments:

» The syrup bottle packaging of Stodal is similar to that
of Zarontin: pharmaceutical form (syrup), bottle
shape, colour and volume. These similarities conform
to the double-blind requirements.

» It is a homeopathic treatment traditionally used in
the treatment of cough, and has no indication in the
treatment of pain.

» According to the recommendations of the painkiller
studies mentioned in the Cochrane review of Moore
et al’® dealing with clinical studies evaluating the effi-
cacy of analgesics on neuropathic pain, and accord-
ing to good clinical practice, it is recommended that
the first phase II study should evaluate the efficacy of
analgesics tested in comparison with a placebo or
inactive control. In addition, current active compara-
tors, namely pregabalin and gabapentin, are mar-
keted in capsule or tablet form, which would require
implementing a double dummy.

Stodal will be taken for 42 days (6 weeks) with the
same administration modalities as the ethosuximide

group.

Study end points

Study end points were based on the recommendation of
the European Medicinal Agency (EMA; International
Council for Harmonisation of Technical Requirements
for Pharmaceuticals for Human Use (ICH) guideline on
neuropathic pain: Committee for Proprietary Medicinal
Product (CPMP) /Efficacy Working Party (EWP) /252/03
Rev. 1).

Primary end point
Pain intensity (NRS, 11 points). This numeric scale allows
the patient to rate their pain from 0 to 10, with 0 for no

pain and 10 for the worst possible pain. Average pain
intensity over the past 24 hours is recorded once daily,
before bedtime, on the logbook throughout the study
and the values are averaged for the 7 days preceding the
two time points DO (baseline) and D0+42 (last visit).
The primary end point is the change in Numeric Rating
Scale (NRS) at DO and D0+42.

Secondary end points

Health-related quality of life (MOS SF-12). HRQoL will be
evaluated by the MOS SF-12%7 questionnaire which
assesses the physical and mental health of the patient
using 12 questions related to eight aspects of health
(physical and social activities, morale, physical and emo-
tional strength to accomplish everyday tasks, physical
pain, general mental health, vitality, perceived general
health status). A score is determined for physical and
mental health (0-100).

Neuropathic  pain  symptom (NPSI and BPI):: The
Neuropathic Pain Symptom Inventory (NPSI)*® and the
Brief Pain Inventory (BPI)*? will be used to evaluate the
characteristics and impacts of neuropathic pain.

The NPSI is a self-administered questionnaire
designed to assess different symptoms of neuropathic
pain. It includes 12 items that can discriminate and
quantify five separate clinically relevant dimensions.

The BPI is a self-administered questionnaire which
includes: (1) a body scheme, (2) the maximum pain,
less pain, usual pain during the past 15 days (NRS 11
points), (3) the description of the analgesic treatment
in progress, (4) an evaluation of pain relief on a per-
centage scale (0-100%), (5) the impact of pain on
mood, relationships with other people, walking, sleep-
ing, work, joy of life, leisure activities (NRS, 0 normal to
10 impossible).

Quality of sleep (LSEQ): The Leeds Sleep Evaluation
Questionnaire (LSEQ)* is a standardised questionnaire
composed of 10 self-visual analogue scales (10 cm) that
relate four aspects of sleep efficiency: (1) the quality of
falling asleep and level of sleepiness, (2) sleep quality,
(3) awakening quality, and (4) the quality of state after
awakening and performance.

These evaluations will be conducted during the screen-
ing visit (D0) and at the end of the study (D0+42).

Moreover, daily evaluation (in the morning) of the
quality of falling asleep and sleep during the previous
night (NRS from 0 (very poor) to 10 (excellent)) will be
reported on the daily logbook.

Patient’s Global Impression of Change: PGIC™" is aimed at
assessing the general effectiveness of the treatment. This
scale consists of seven level descriptors answering the
question ‘How are you?’ distributed in three ways: (1)
improved (very/medium/slightly), (2) unchanged and
(3) aggravated (slight/medium/very).

Safety: Any adverse events were collected daily by the
patient and during the planned phone calls by investiga-
tors (every 4days). Adverse events are categorised
according to their type, intensity and treatment related
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by investigators. Owing to the long half-ife of ethosuxi-
mide (60 hours), a phone call, within 2 weeks after stop-
ping treatment, will be allowed to recover any adverse
effects.

Methodology and study design
The study methodology was selected on the recommen-
dation of the EMA (ICH guideline neuropathic pain:
CPMP/EWP/252/03 Rev. 1).

Patients will be treated for 6 weeks either by ethosuxi-
mide, according to a scheme of specific titration
(maximum dose of 1500 mg/day achieved in 20 days) or
an inactive control treatment administered with the
same modalities (see figure 1).

Enrolment

Patients followed up in their referral centre for the treat-
ment of pain will be preselected. Patients will be con-
tacted in order to briefly present the purpose of the
study and make an appointment for the inclusion visit.

Visit 1—inclusion (D-7) and run-in period (D-7 to DO)

The objectives of the study, practice organisation, con-
straints and different questionnaires will be explained in
detail to the patient by the investigator who will also
collect the informed consent form. The patient must
present a neuropathic pain diagnostic defined according

to the DN4 questionnaire and the International
Association for the Study of Pain (IASP) criteria deter-
mined during the clinical examination by the investigat-
ing physician.

A daily logbook will be given to the patient along with
detailed instructions to collect every day, the median
and maximum pain score experienced during the day
and sleep and falling asleep quality. Possible side effects
should be collected. The patient will return home with a
logbook for 7 days, corresponding to the run-in period
assessing the patient’s ability to complete the logbook
and recover the data on the intensity of neuropathic
pain.

This run-in period, without any studied treatment, was
introduced (1) to evaluate the ability of the patients to
rate their pain daily in their logbook; (2) to check the
basal average pain intensity over a l-week period. The
patients received the treatment after this run-in period
only if the inclusion criteria were met (NRS pain >4 and
completed logbook as required by the protocol).

Visit 2—start of treatment (D0)

Daily average pain scores have to be filled-in by the
patient on the logbook during the past 7 days and the
average pain score should be >4 to include the patient
in the study. The patients have to fill in four question-
naires: (1) LSEQ, (2) MOS SF-12, (3) NPSI and (4) BPL

e Visit 2: . Visit 3:
Vl')s(‘)‘_;' DO H‘ome. D0+42
Study start D0 a D0+42 Study end
e N r
| emoomessionposace b PRRREEE
| (+5ml (250 mg) / 4 days) |
I Evening | I
| EEE Morning |
| 1|| ¥ Returnof TTT
and LB
v Inclusion or not 1 |
v'Consent | |
vQ
v NRS pain I 1
vIC/EC I 1
v'NRS pain
vQ 1 |
v CE
| 4 days 4 days 4 days 4 days 4 days I 22 days : v ETX dosage
YTTT and LB 1 ]
v I } - - "-"="=-T="=---==imsmsmsmssmsm=m===-

N N v'Reminder the
v'Reminder the Phone momtormg /4 days phone call for SE
study after 15 days

- Reminder change of dosage
- Collection of SE
DAILY AUTO-ASSESSMENT:
v'Maximal and average pain (NRS)
v'Sleep / sleepiness quality
v'Tolerance / SE

IC/ EC: inclusion/exclusion criteria; CE: clinic exam; Q: questionnaires; TTT: treatment; LB: LogBook; ETX: ethosuximide; SE: side effect.

Figure 1

Study design. NRS, Numeric Rating Scale; IC, Inclusion criteria; EC, Exclusion criteria; CE, Clinic exam; LB,

Logbook; Q, Questionnaire; TTT, Treatment; SE, Side effect; ETX, Ethosuximide.
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If all the inclusion and non-inclusion criteria are con-
formed to, the patient will be enrolled in the study and
randomised in one of the two treatment arms (ethosuxi-
mide or inactive control). The administration dosages,
according to a specific titration scheme, will be
explained in detail to the patient. At the end of the visit,
the patient will receive all the therapeutic units for the
duration of administration required by the study proto-

col (42 days).

Ambulatory period (DO to D0+42)
Ethosuximide or inactive control treatment will be admi-
nistered in two daily doses during meals, according to a
scheme of specific titration for 20 days followed by a
plateau at the maximum dose of 1500 mg/day for
22 days. The patient will assess and record the following
daily in the logbook: the quality of falling asleep and
sleep during the previous night and the median and
maximum pain felt in the day.

Every 4 days (at the end of each dose escalation level),
patients will be contacted by phone in order to collect
information on any side effects.

Visit 3—study end (D0+42)
Idem visit 2. The patient must also complete the PGIC
questionnaire.

This visit represents the end of study.

Owing to the long half-life of ethosuximide (60 hours),
telephone contact, within 2 weeks after stopping treat-
ment, will be allowed to recover from any adverse effects.

Statistical considerations

Sample size estimation

According to previous works,”® ** pain intensity was esti-
mated at around 2.5. Hundred patients per group will
be included to highlight a difference equals to 1 for a
two-sided type I error at 5% and a statistical power at
80%. Finally, a total of N=220 patients will be considered
to take into account lost to follow-up (10%). An interim
analysis is planned after enrolment of the first 110
patients using the Lan and DeMets rule (Pocock, East
software, Cytel, Cambridge, Massachusetts, USA). The
type I error is fixed at 0.003 for this interim analysis.

Statistical analysis

Statistical analyses will be conducted using Stata
software (V.13, StataCorp, College Station, Texas, USA).
A two-sided p value of <0.05 will be considered to
indicate statistical significance (except interim analysis).
Comparisons between independent groups will be
analysed using the %* or Fisher’s exact test for categor-
ical variables (notably PGIC and safety) and Student’s
t-test or Mann-Whitney’s test for quantitative parameters
(notably pain intensity, health-related quality of life
scores measured by MOS SF-12, NPSI and BPI scores,
sleep quality evaluated using Leeds score). Normality
will be studied by the Shapiro-Wilk test and homoscedas-
ticity using the Fisher-Snedecor test. Intention-to-treat

will be considered for the primary analysis. The analysis
of the primary outcome will be completed by multivari-
ate analysis using a linear mixed model to take into
account: (1) fixed-effects covariates chosen according to
univariate results and to clinical relevance, and (2)
centre as random-effects (to measure between-centre
and within-centre variability). The two treatment groups
will be compared for end of treatment data. Also
included will be the analysis of repeated measures and
random-effect models (linear or generalised linear).
Other treatments will be considered as a covariate to
study the impact on patient quality of life, pain intensity
and quality of sleep. According to clinical relevance and
to EMA and CONSORT recommendations, subgroup
analysis depending on the aectiology (diabetic neur-
opathy, postherpetic, etc) will be proposed after the
study of aetiologyxrandomisation group interaction in
regression models (for repeated data or not). Finally,
particular focus will be placed on lost to follow-up. A
study of abandonment considered as censored data will
be proposed using the Kaplan-Meier estimation. A sensi-
tivity analysis will be performed and the nature of
missing data will be studied (missing at random or not).
According to this, the most appropriate approach to the
imputation of missing data will be proposed (maximum
bias (eg, last observation carried forward vs baseline
observation carried forward) or estimation proposed by
Verbeke and Molenberghs for repeated data).

Dissemination

Approval

Any substantial modification of the protocol and of the
informed consent form will be presented to the inde-
pendent Medical Ethics Committee. The latter and the
competent French authority will be informed of the end
of the study. In accordance with the independent
Medical Ethics Committee (CPP Sud Est VI, Clermont-
Ferrand, France), no safety and data monitoring com-
mittee has been set up in view of the low risk of the
ethosuximide treatment. The study is currently regis-
tered on the clinical trials website under the following
number: NCT02100046. The protocol has been in V.12
since 16/12/2015.

Patient informed consent

According to the French law on biomedical research,
written informed consent must be obtained from
patients prior to participation in the study. Patients will
voluntarily confirm their willingness to participate in the
study, after having been informed (in writing and ver-
bally) by investigators of all aspects of the study that are
relevant to their decision to participate. They will be
informed about requirements concerning data protec-
tion and have to agree to direct access to their individual
data. The patients will be informed that they are free to
withdraw from the study at any time at their own discre-
tion without necessarily giving reasons.
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Data collection and quality management

A clinical research assistant will be dedicated to data
entry, coding, security and storage. Each patient
included and the study data will be anonymised.
The study data will be collected and managed using a
case report form. A clinical research assistant will be
commissioned by the sponsor (University Hospital of
Clermont-Ferrand) in order to monitor the progress of
the study in accordance with the Standard Operating
Procedures implemented in the University Hospital of
Clermont-Ferrand, in accordance with Good Clinical
Practices and current French laws.

Access to data and communication of results

The data set will be the property of the sponsor
(University Hospital of Clermont-Ferrand). However, the
principal investigator (AE) and the project manager
(NK) will have full access to the final data set. The
results will be communicated in a peer-reviewed journal,
presented at international congresses and completed
online on ClinicalTrials.gov.

DISCUSSION

This translational research project aims to demonstrate

the therapeutic effect of ethosuximide on peripheral

neuropathic pain.

In this study, particular emphasis has been placed on
the methodology in order to provide a sufficient level of
evidence. Indeed, we relied on the recommendation of
the EMA (ICH guideline on neuropathic pain: CPMP/
EWP/252/03 Rev. 1) and endeavoured to comply with
them as much as possible: randomised; controlled;
double-blinded; parallel groups; large patient sample
(110/arm); several weeks of treatment; mixed popula-
tion and relevant evaluation criteria.

However, the present protocol has some limitations:

1. A 6-weeks treatment period was chosen, considering
that this study is a proof-of-concept aimed at providing
a first look on the efficacy and the safety of ethosuxi-
mide in patients with neuropathic pain. In the case of
positive efficacy/tolerability ratio, a larger study with
longer treatment duration (>12 weeks) and an active
comparator (ie, gabapentinoid) will be undertaken.

2. In this study, we used a homeopathic syrup (Stodal)
as an inactive control. This homeopathic cough syrup
may taste different than the study treatment. To
lower the risk of bias as much as possible, the study
design is in parallel groups and all patients included
have to be naive for ethosuximide treatment. In add-
ition, investigators are not in contact with the treat-
ment, which is always dispensed by pharmacists.

This choice was made also for scientific motives.
Indeed, several studies have shown that the effect of
homeopathic treatment is not better than that of a
placebo (for a review see ref. 43). Owing to conflicting
studies,** this choice was made assuming that if homeop-
athy does have a therapeutic effect, and that

ethosuximide has a greater effect than our inactive
control group, then this will give even greater credence
to the therapeutic effect observed. Moreover, no data
were found when searching for links between the terms
‘Stodal’ and all these components and ‘pain’ on
MEDLINE. This provides further evidence of the lack of
analgesic effect of Stodal and these components.

Neuropathic pain remains an important public health
issue, as its prevalence in Europe is estimated at 7-8%"*
and up to 40% of the patients treated are not or poorly
relieved by current treatments (for review see refs. 45
and 46). Peripheral neuropathy symptoms can last for
months and even years after surgery, chemotherapy, her-
petic infection, diabetes, trauma, etc, and the lack of
support induces anxiety, depression, sleep disorders and
a decrease of HRQoL (for reviews see refs. 47-49).
Neuropathic pain has a strong economic and social
impact, as patients with neuropathic pain generate sig-
nificant excess healthcare costs and resource use
amounting to €10 313 per patient per year in France.”
Therefore, innovative therapeutic strategies are now
more than necessary to treat neuropathic pain. This is
the first study to examine the effectiveness of ethosuxi-
mide on neuropathic pain. If the results are positive, it
will be an important step forward for the pharmaco-
poeia of this pathology.

Author affiliations

"Service de Pharmacologie/Toxicologie, CHU Clermont-Ferrand, Clermont-
Ferrand, France

2CHU Clermont-Ferrand, Direction de la Recherche Clinique et des
Innovations, villa annexe IFSI, Clermont-Ferrand, France

3Institut Analgesia, Clermont Université, Clermont-Ferrand, France
4Clermont Université, Clermont-Ferrand, France

SINSERM, U1107 “Neuro-Dol”, Clermont-Ferrand, France

S5CHU Clermont-Ferrand, Centre de Pharmacologie Clinique, Clermont-Ferrand,
France

"INSERM, CIC1405, Clermont-Ferrand, France

Contributors NK, AE, CC, CM, ChD and CID led and contributed to the
conceptualisation, design and implementation of this research protocol. BP
led the development of the statistical analysis plan. NK participated in the
design of the protocol for interventions and assessments. All the authors have
read and approved the final manuscript.

Funding This work is supported by funding from the French Ministry of
Health (Programme Hospitalier de Recherche Clinique Interrégional, year
2013) and the APICIL Foundation.

Competing interests None declared.
Patient consent Obtained.

Ethics approval The approval of the Medical Ethics Committee (CPP Sud Est
VI, Clermont-Ferrand, France) was obtained on 14 February 2014. The
protocol was declared to the competent French authority (Agence Nationale
de Sécurité du Médicament et des produits de santé) and registered under the
number 131567A-32. Authorisation was obtained on 26 March 2014.

Provenance and peer review Not commissioned; externally peer reviewed.

Open Access This is an Open Access article distributed in accordance with
the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this work non-
commercially, and license their derivative works on different terms, provided
the original work is properly cited and the use is non-commercial. See: http:/
creativecommons.org/licenses/by-nc/4.0/

Kerckhove N, et al. BMJ Open 2016;6:6013530. doi:10.1136/bmjopen-2016-013530

"1ybuAdos Ag paroarold
‘aubianny Juowla|D alISIBAIUN 18 €202 ‘2T Jaquada uo jwod fwg-uadolwg//:dny wolj papeojumod 910z Jaquiadad 9T Uo 0EGET0-9T0Z-uadolwag/9eTT 0T Se paysiignd s :uado NG


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://bmjopen.bmj.com/

Open Access 8

REFERENCES 26. Latham JR, Pathirathna S, Jagodic MM, et al. Selective T-type

1. Frangois A, Laffray S, Pizzoccaro A, et al. T-type calcium channels calcium channel blockade alleviates hyperalgesia in ob/ob mice.
in chronic pain: mouse models and specific blockers. Pfliigers Arch Diabetes 2009;58:2656-65.
2014;466:707-17. 27. Messinger RB, Naik AK, Jagodic MM, et al. In vivo silencing of the

2. Finnerup NB, Attal N, Haroutounian S, et al. Pharmacotherapy for Ca(V)3.2 T-type calcium channels in sensory neurons alleviates
neuropathic pain in adults: a systematic review and meta-analysis. hyperalgesia in rats with streptozocin-induced diabetic neuropathy.
Lancet Neurol 2015;14:162—73. Pain 2009;145:184-95.

3. Bouhassira D, Lantéri-Minet M, Attal N, et al. Prevalence of chronic 28. Patsalos PN. Properties of antiepileptic drugs in the treatment of
pain with neuropathic characteristics in the general population. Pain idiopathic generalized epilepsies. Epilepsia 2005;46(Suppl 9):140-8.
2008;136:380-7. 29. Katzung. Drugs used in generalized seizures. In: Basic and Clinical

4. Dieleman JP, Kerklaan J, Huygen FJPM, et al. Incidence rates and Pharmacology. 9th edn. UK: Mcgraw Hill Companies, 2003.
treatment of neuropathic pain conditions in the general population. 30. Coulter DA, Huguenard JR, Prince DA. Characterization of
Pain 2008;137:681-8. ethosuximide reduction of low-threshold calcium current in thalamic

5. Gustorff B, Dorner T, Likar R, et al. Prevalence of self-reported neurons. Ann Neurol 1989;25:582-93.
neuropathic pain and impact on quality of life: a prospective 31.  Coulter DA, Huguenard JR, Prince DA. Specific petit mal
representative survey. Acta Anaesthesiol Scand 2008;52: anticonvulsants reduce calcium currents in thalamic neurons.
132-6. Neurosci Lett 1989;98:74-8.

6. Lecomte F, Gault N, Koné V, et al. Prevalence of neuropathic pain in 32.  Todorovic SM, Lingle CJ. Pharmacological properties of T-type Ca2
emergency patients: an observational study. Am J Emerg Med + current in adult rat sensory neurons: effects of anticonvulsant and
2011:29:43-9. anesthetic agents. J Neurophysiol 1998;79:240-52.

7. Torrance N, Smith BH, Bennett M, et al. The epidemiology of 33. Hendrich J, Van Minh AT, Heblich F, et al. Pharmacological
chronic pain of predominantly neuropathic origin. Results from a disruption of calcium channel trafficking by the alpha2delta ligand
general population survey. J Pain 2006;7:281-9. gabapentin. Proc Natl Acad Sci USA 2008;105:3628-33.

8. Toth C, Lander J, Wiebe S. The prevalence and impact of chronic 34. Davies A, Hendrich J, Van Minh AT, et al. Functional biology of the
pain with neuropathic pain symptoms in the general population. Pain alpha(2)delta subunits of voltage-gated calcium channels. Trends
Med Malden Mass 2009;10:918-29. Pharmacol Sci 2007;28:220-8.

9. Fayaz A, Croft P, Langford RM, et al. Prevalence of chronic pain in 35. Bouhassira D, Attal N, Alchaar H, et al. Comparison of pain
the UK: a systematic review and meta-analysis of population studies. syndromes associated with nervous or somatic lesions and
BMJ Open 2016;6:¢010364. development of a new neuropathic pain diagnostic questionnaire

10. Perez-Reyes E, Cribbs LL, Daud A, et al. Molecular characterization (DN4). Pain 2005;114:29-36.
of a neuronal low-voltage-activated T-type calcium channel. Nature 36. Moore RA, Derry S, Aldington D, et al. Amitriptyline for neuropathic
1998:391:896-900. pain and fibromyalgia in adults. Cochrane Database Syst Rev

11.  Cribbs LL, Lee JH, Yang J, et al. Cloning and characterization of 2012;12:CD008242.
alphat1H from human heart, a member of the T-type Ca2+ channel 37. Gandek B, Ware JE, Aaronson NK, et al. Cross-validation of item
gene family. Circ Res 1998;83:103-9. selection and scoring for the SF-12 Health Survey in nine countries:

12. Lee JH, Daud AN, Cribbs LL, et al. Cloning and expression of a results from the IQOLA Project. International Quality of Life
novel member of the low voltage-activated T-type calcium channel Assessment. J Clin Epidemiol 1998;51:1171-8.
family. J Neurosci1999;19:1912-21. 38. Bouhassira D, Attal N, Fermanian J, et al. Development and

13. Perez-Reyes E. Molecular physiology of low-voltage-activated t-type validation of the Neuropathic Pain Symptom Inventory. Pain
calcium channels. Physiol Rev 2003;83:117-61. 2004;108:248-57.

14. Huguenard JR. Low-threshold calcium currents in central nervous 39. Cleeland CS, Ryan KM. Pain assessment: global use of the Brief
system neurons. Annu Rev Physiol 1996;58:329-48. Pain Inventory. Ann Acad Med Singap 1994;23:129-38.

15.  Bourinet E, Alloui A, Monteil A, et al. Silencing of the Cav3.2 T-type 40. Parrott AC, Hindmarch I. The Leeds Sleep Evaluation Questionnaire
calcium channel gene in sensory neurons demonstrates its major in psychopharmacological investigations—a review.
role in nociception. EMBO J 2005;24:315-24. Psychopharmacology (Berl) 1980;71:173-9.

16. Barton ME, Eberle EL, Shannon HE. The antihyperalgesic effects of 41. Hurst H, Bolton J. Assessing the clinical significance of change
the T-type calcium channel blockers ethosuximide, trimethadione, scores recorded on subjective outcome measures. J Manipulative
and mibefradil. Eur J Pharmacol 2005;521:79-85. Physiol Ther 2004;27:26-35.

17.  Francois A, Kerckhove N, Meleine M, et al. State-dependent 42.  Van Seventer R, Bach FW, Toth CC, et al. Pregabalin in the
properties of a new T-type calcium channel blocker enhance Ca(V) treatment of post-traumatic peripheral neuropathic pain: a
3.2 selectivity and support analgesic effects. Pain 2013;154: randomized double-blind trial. Eur J Neurol 2010;17:1082-9.
283-93. 43. Shang A, Huwiler-Mintener K, Nartey L, et al. Are the clinical effects

18. Marger F, Gelot A, Alloui A, et al. T-type calcium channels contribute of homoeopathy placebo effects? Comparative study of placebo-
to colonic hypersensitivity in a rat model of irritable bowel syndrome. controlled trials of homoeopathy and allopathy. Lancet
Proc Natl Acad Sci USA 2011;108:11268-73. 2005;366:726-32.

19. Kerckhove N, Mallet C, Francois A, et al. Ca(v)3.2 calcium channels: 44. Linde K, Clausius N, Ramirez G, et al. Are the clinical effects of
the key protagonist in the supraspinal effect of paracetamol. Pain homeopathy placebo effects? A meta-analysis of placebo-controlled
2014;155:764-72. trials. Lancet 1997;350:834—43.

20. Coulter DA, Huguenard JR, Prince DA. Calcium currents in rat 45.  Dworkin RH, O’Connor AB, Backonja M, et al. Pharmacologic
thalamocortical relay neurones: kinetic properties of the transient, management of neuropathic pain: evidence-based
low-threshold current. J Physiol 1989;414:587-604. recommendations. Pain 2007;132:237-51.

21.  Mishra SK, Hermsmeyer K. Selective inhibition of T-type Ca2+ 46. Finnerup NB, Sindrup SH, Jensen TS. The evidence for
channels by Ro 40-5967. Circ Res 1994;75:144-8. pharmacological treatment of neuropathic pain. Pain

22.  Todorovic SM, Jevtovic-Todorovic V, Mennerick S, et al. Ca(v)3.2 2010;150:573-81.
channel is a molecular substrate for inhibition of T-type calcium 47.  Jensen MP, Chodroff MJ, Dworkin RH. The impact of neuropathic
currents in rat sensory neurons by nitrous oxide. Mol Pharmacol pain on health-related quality of life: review and implications.
2001:60:603—10. Neurology 2007,68:1178-82.

23. Dogrul A, Gardell LR, Ossipov MH, et al. Reversal of experimental 48.  Meyer-Rosberg K, Kvarnstrém A, Kinnman E, et al. Peripheral
neuropathic pain by T-type calcium channel blockers. Pain neuropathic pain—a multidimensional burden for patients. Eur
2003;105:159-68. J Pain 2001;5:379-89.

24. Flatters SJL, Bennett GJ. Ethosuximide reverses paclitaxel- and 49. Doth AH, Hansson PT, Jensen MP, et al. The burden of neuropathic
vincristine-induced painful peripheral neuropathy. Pain pain: a systematic review and meta-analysis of health utilities. Pain
2004;109:150-61. 2010;149:338—-44.

25. Kawashiri T, Egashira N, Kurobe K, et al. L type Ca®+ channel 50. Liedgens H, Obradovic M, De Courcy J, et al. A burden of illness
blockers prevent oxaliplatin-induced cold hyperalgesia and TRPM8 study for neuropathic pain in Europe. Clin Outcomes Res
overexpression in rats. Mol Pain 2012;8:7. 2016;8:113-26.

8 Kerckhove N, et al. BMJ Open 2016;6:6013530. doi:10.1136/bmjopen-2016-013530

"1ybuAdos Ag paroalold
‘aubianny Juowla|D alISIBAIUN 18 €202 ‘2T Jaquiada uo jwod fwg-uadolwg//:dny wolj papeojumod "9T0Z Jaquiadad 9T Uo 0EGET0-9T0Z-uadolwag/9eTT 0T Se paysiignd sy :uado NG


http://dx.doi.org/10.1007/s00424-014-1484-4
http://dx.doi.org/10.1016/S1474-4422(14)70251-0
http://dx.doi.org/10.1016/j.pain.2007.08.013
http://dx.doi.org/10.1016/j.pain.2008.03.002
http://dx.doi.org/10.1111/j.1399-6576.2007.01486.x
http://dx.doi.org/10.1016/j.ajem.2009.07.009
http://dx.doi.org/10.1016/j.jpain.2005.11.008
http://dx.doi.org/10.1111/j.1526-4637.2009.00655.x
http://dx.doi.org/10.1111/j.1526-4637.2009.00655.x
http://dx.doi.org/10.1136/bmjopen-2015-010364
http://dx.doi.org/10.1038/36110
http://dx.doi.org/10.1152/physrev.00018.2002
http://dx.doi.org/10.1146/annurev.ph.58.030196.001553
http://dx.doi.org/10.1038/sj.emboj.7600515
http://dx.doi.org/10.1016/j.ejphar.2005.08.017
http://dx.doi.org/10.1016/j.pain.2012.10.023
http://dx.doi.org/10.1073/pnas.1100869108
http://dx.doi.org/10.1016/j.pain.2014.01.015
http://dx.doi.org/10.1113/jphysiol.1989.sp017705
http://dx.doi.org/10.1161/01.RES.75.1.144
http://dx.doi.org/10.1016/S0304-3959(03)00177-5
http://dx.doi.org/10.1016/j.pain.2004.01.029
http://dx.doi.org/10.1186/1744-8069-8-7
http://dx.doi.org/10.2337/db08-1763
http://dx.doi.org/10.1016/j.pain.2009.06.012
http://dx.doi.org/10.1111/j.1528-1167.2005.00326.x
http://dx.doi.org/10.1002/ana.410250610
http://dx.doi.org/10.1016/0304-3940(89)90376-5
http://dx.doi.org/10.1073/pnas.0708930105
http://dx.doi.org/10.1016/j.tips.2007.03.005
http://dx.doi.org/10.1016/j.tips.2007.03.005
http://dx.doi.org/10.1016/j.pain.2004.12.010
http://dx.doi.org/10.1002/14651858.CD008242.pub2
http://dx.doi.org/10.1016/j.pain.2003.12.024
http://dx.doi.org/10.1007/BF00434408
http://dx.doi.org/10.1016/j.jmpt.2003.11.003
http://dx.doi.org/10.1016/j.jmpt.2003.11.003
http://dx.doi.org/10.1016/j.pain.2007.08.033
http://dx.doi.org/10.1016/j.pain.2010.06.019
http://dx.doi.org/10.1212/01.wnl.0000259085.61898.9e
http://dx.doi.org/10.1053/eujp.2001.0259
http://dx.doi.org/10.1053/eujp.2001.0259
http://dx.doi.org/10.1016/j.pain.2010.02.034
http://bmjopen.bmj.com/

	Assessment of the effectiveness and safety of Ethosuximide in the Treatment of non-Diabetic Peripheral Neuropathic Pain: EDONOT—protocol of a randomised, parallel, controlled, double-blinded and multicentre clinical trial
	Abstract
	Introduction
	T-type calcium channels and pain
	Ethosuximide and peripheral neuropathic pain
	Ethosuximide, action mechanism and safety in humans
	Rationale for this pilot study

	Methods and analysis
	Study objectives
	Inclusion and exclusion criteria
	Investigational medicinal product
	Zarontin (Pfizer, ethosuximide)
	Inactive control

	Study end points
	Primary end point
	Secondary end points

	Methodology and study design
	Enrolment
	Visit 1—inclusion (D-7) and run-in period (D-7 to D0)
	Visit 2—start of treatment (D0)
	Ambulatory period (D0 to D0+42)
	Visit 3—study end (D0+42)

	Statistical considerations
	Sample size estimation
	Statistical analysis

	Dissemination
	Approval
	Patient informed consent
	Data collection and quality management
	Access to data and communication of results


	Discussion
	References


