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Abstract

Background Pain is a common symptom in palliative care cancer patients and is often insufficiently relieved. In
recent years, transcranial direct-current stimulation (tDCS) of the motor cortex has been shown to be effective to treat
chronic pain, essentially neuropathic pain. We propose to test the efficacy of tDCS in patients experiencing cancer
pain in the palliative care setting.

Method/design This article describes the protocol of a bicentre, randomized, parallel-arm, sham-controlled clinical
trial evaluating tDCS in the treatment of palliative care patients with refractory cancer pain. Seventy patients between
the ages of 18 and 80years experiencing refractory pain with a pain score of 4/10 on a numerical rating scale (NRS)
ranging from 0 to 10 will be enrolled in this trial. The main exclusion criteria are patients unable to fill in the various
rating scales and life expectancy less than 3 weeks. Treatment consists of 5 consecutive tDCS sessions targeting the
motor cortex (one daily session for 5days) on the contralateral side to the pain. After randomization (1:1 ratio), 35
patients will receive active stimulation and 35 patients will receive sham stimulation. The primary endpoint is the

NRS score and the primary objective is a significant improvement of this score between the baseline score recorded
between D-3 and D-1 and the score recorded 4 days after stopping treatment (D8). The secondary objectives are to
evaluate whether this improvement is maintained 16 days after stopping treatment (D21) and whether the following
scores are improved on D14 and D21: Brief Pain Inventory, Edmonton Symptom Assessment System, Hospital Anxiety
and Depression scale, State-Trait Anxiety Inventory and Medication Quantification Scale.

Discussion Positive results of this trial would indicate that tDCS can improve pain and quality of life of cancer
patients in the palliative care setting. Reduction of analgesic consumption and improvement of activities of daily liv-
ing should allow many patients to return home with a decreased workload for caregivers.
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Background

Pain is a common symptom in palliative care cancer
patients and is often insufficiently relieved [1, 2]. The
2010 INCA report showed that France is not an excep-
tion to this worldwide observation (synopsis of the 2010
national survey). This report shows that pain is the symp-
tom that these patients fear the most and that it dra-
matically impacts their quality of life. These patients may
experience so-called nociceptive pain related to stimu-
lation of sensory nerve endings by the tumour. When
tumour resection is impossible, a symptomatic analge-
sic treatment is generally proposed, mainly consisting
of administration of opioid analgesics [3]. At high doses,
this treatment induces adverse effects, especially drowsi-
ness [4] and psychomotor retardation that impair the
patient’s quality of life [5]. They may also experience so-
called neuropathic pain, secondary to anatomical lesions
or functional impairment of nerve structures (peripheral
nerves or cerebral or spinal tracts) related to repeated
surgical procedures and/or radiotherapy. This type of
pain may respond to antiepileptic or antidepressant drugs
[6]. At high doses, these treatments also induce adverse
effects fairly similar to those observed during treatment
of nociceptive pain [7]. As these two types of treatment
often need to be coprescribed [8], these patients fre-
quently present an almost permanent state of drowsiness
at the end of life, preventing all normal activities of daily
living [9-11].

In recent years, noninvasive brain stimulation (NIBS)
techniques (transcranial magnetic stimulation (rTMS)
or transcranial direct-current stimulation (tDCS)) have
been successfully used to treat chronic pain [12]. We
have shown that these NIBS techniques can improve pain
in cancer patients in the palliative care setting [13—15].
In these case reports, which concerned patients at the
end of life, analgesic drugs were able to be significantly
decreased, allowing resumption of certain activities of
daily living and a marked improvement of quality of life.
Two of the 3 patients of these publications were able to
return home. A publication by Knotkova [16] showed that
tDCS also improved palliative chemotherapy-induced
cognitive disorders, but these patients apparently did
not experience any pain. Finally, two recent studies have
confirmed the efficacy of NIBS in the treatment of cancer
pain. Both of these studies concerned patients with vis-
ceral pain, as in two of our cases, but these patients were
generally not at the end of life [17, 18]. In the study by
Khedr, 17 patients were treated by 10 rTMS sessions tar-
geted to the motor cortex and another 17 patients were
treated by 10 sham rTMS sessions. These patients experi-
enced visceral pain related to cancer progression, mainly
involving the liver or pancreas. Only 2 patients were in
the palliative care setting and died after 5 rTMS sessions.
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Evaluation was based on a pain visual analogue scale, a
verbal scale and the Hamilton rating scale for depression
[19]. All of these scores were significantly improved at the
end of treatment (day 10) and this improvement persisted
for 2 weeks, but was no longer observed at 1 month. In
the study by Ibrahim et al. [18], 20 patients were treated
by 10 tDCS sessions targeted to the motor cortex and
another 20 patients were treated by 10 sham tDCS ses-
sions. All patients experienced visceral pain related to
progression of liver cancer. The rating scales were the
same as those used in Khedr et al. study [17]. Actively
stimulated patients were improved by the 5th session and
remained improved for an average of 1 month.

tDCS appears to be more suitable than rTMS for the
treatment of palliative care patients, who are often diffi-
cult to mobilize, as tDCS can be delivered at the patient’s
bedside and possibly even at home, which is not the case
with rTMS. tDCS also appears to be rapidly effective
(after 5 sessions) in the context of cancer pain, and this
effect lasts longer than that of rTMS.

The proposed treatment of refractory cancer pain
by tDCS in palliative care patients is a new treatment
modality that is well adapted to hospitalised patients.
Each patient will receive 20minutes of transcranial
direct-current stimulation daily for 5 consecutive days.
One arm will receive active stimulation and the control
arm will receive sham stimulation. Patients and investi-
gators will be blinded to the type of tDCS. By improving
the patient’s activities of daily living, this treatment will
enable the patient to return home under good condi-
tions for both the patient and the caregivers. This treat-
ment can also be continued at home. This strategy is
consistent with current guidelines in this field, in which
the priorities are improvement of quality of life [20—22],
return home [23-25] and decreased workload for car-
egivers [26].

Interventions: tDCS and follow-up intervention

tDCS was tested in healthy subjects from 2000 until
2005, at the time of the first clinical applications in the
treatment of chronic pain. tDCS consists of delivering
a low-intensity (1 to 2mA) direct electrical current by
means of a pair of electrodes (anode and cathode) applied
to the scalp. Electrodes generally have a diameter (round
electrode) or a diagonal (rectangular electrodes) ranging
from 2 to 3.5cm. To stimulate a given cortical zone, the
anode is placed over of the selected zone, generally iden-
tified by means of an EEG headset (10/20 System Posi-
tioning). For the treatment of pain, the anode is placed
over the primary motor cortex (M1) on the contralateral
side to the pain or on the left side in patients with diffuse
pain. The cathode is placed over a supposedly neutral
cortical zone, usually the contralateral supraorbital cortex
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with respect to the anode. In this study, the stimulation
intensity will be 2mA using round sponge electrodes
3.5cm in diameter. As in the case of rTMS, stimulation
of M1 is thought to be active by means of the connec-
tions between the motor cortex and numerous structures
situated away from M1 involved in pain modulation [27]:
especially the cingulate cortex, thalamus and rostral ven-
tromedial medulla [28, 29].

A tDCS session generally lasts 20 minutes. The patient
may experience a feeling of heat or paraesthesia at the
site of the electrodes for the first 30seconds, but sub-
sequently does not experience any sensations, which
is why active stimulation will be delivered for the first
30seconds of the sham procedure [30, 31]. In this study,
patients will receive one daily session for 5 consecu-
tive days. The HDC Kit (Newronika, Milano, Italy) will
be used. The system includes a programming module,
which allows to choose an active or placebo stimulation
mode, which is independent of the stimulation module
where there is no indication on the stimulation mode.
In this protocol, a nurse programs the device according
to the results of the randomization, then is no longer
involved in the protocol. The physician who performs
the stimulation, using the previously programmed stim-
ulation module, the patient and the evaluating physi-
cians are not aware of the programming mode, and are
thus blind.

This study will be conducted in patients hospitalised in
a unit experienced in palliative care. tDCS will be deliv-
ered daily for 5 consecutive days (from Monday to Fri-
day) with the patient either sitting or lying down.

Benefits and risks

At the individual level, pain intensity is expected to
decrease by the 2nd or 3rd tDCS session, with a more
marked improvement after the 5th session. This improve-
ment is expected to last at least 4days (D8) and up to
16days (D21) [15, 18]. It should be possible to markedly
decrease analgesic drug treatment during this period,
which should result in less drowsiness and improved
activities of daily living. An improvement of sleep, tired-
ness and mood can also be expected. The patient may
be able to return home during the week after the end
of treatment with a markedly reduced workload for the
patient’s caregivers.

Side effects are recorded in the electronic observation
booklet after each tDCS session (D0, D1, D2, D3, D4) and
during the 3 subsequent evaluations (D8, D14 and D21).
Side effects [32] such as headaches or vomiting that are
repeated or even worsen with each tDCS may force the
patient to stop the treatment if they are prolonged or
poorly tolerated. The most frequent side effect is a bad
tolerance of the stimulation itself. The patient may have
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a sensation of electrical discharge or burning sensations
at the positioning of electrodes, especially in the event of
excessive stimulation (>2mA) delivered by excessively
small electrodes (<20 x 20mm) [32]. At the most, there
may be a real burn on the scalp in contact with the elec-
trode. Initially, the proper impregnation of the sponge
electrodes by the saline solution will be checked and if
the phenomenon continues, the stimulation intensity will
be decreaed to 1.5mA. In the event that these adverse
effects persist, the treatment will be stopped. The risk of
inducing seizures is almost non-existent, but it is recom-
mended to avoid tDCS in patients with seizures not con-
trolled by medical treatment.

A significant collective benefit could be observed, and
tDCS could markedly decrease the length of hospital stay
of these patients and their analgesic drug consumption
and should therefore have a significant health econom-
ics impact. In parallel, the patient’s and caregivers’ qual-
ity of life could be significantly improved. In the longer
term, continuation of tDCS at home would require a
new organization. The development of remote treatment
techniques must also be considered [24].

More generally, this protocol raises the issue of clinical
research in palliative care patients [11], which has been
the subject of several studies [33—35], showing that pal-
liative care patients potentially at the end of life were gen-
erally in favour of scientific studies designed to improve
the quality of life of future patients, even in the absence
of a direct personal benefit.

In order not to penalize patients in the placebo group,
it is planned to lift the blind at D21 and to offer these
patients the active treatment outside the protocol.
Patients who have been actively treated and whose pain
has recurred after D21 will be offered a second treatment
outside the protocol.

As tDCS is a noninvasive technique with few expected
adverse effects, the benefit/risk balance is expected to be
highly positive for the patient in this context of refractory
cancer pain in the palliative care setting.

Study objective
This study is designed to evaluate the analgesic efficacy of
5 consecutive tDCS sessions to the primary motor cortex
in patients with cancer pain in the palliative care setting.
The primary endpoint is the score of the numerical rat-
ing scale (NRS), which measures pain intensity on a scale
from 0 to 10 [36]. The mean of 3 NRS scores recorded
during the day (morning, midday and evening) will be
used. The primary endpoint for analysis will be the mean
variation of the pain NRS between the baseline assess-
ment (DO) and the D8 assessment.
The secondary objectives will be to evaluate:
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— Immediate impact of each tDCS session on pain
intensity.

— Response rate at the end of treatment.

— Residual analgesic effect.

— Effects of TDCS on the other main symptoms likely
to impair quality of life.

— Analgesic consumption on DO and D8.

Secondary endpoints will be:

— Pain NRS score, MQS (Medication Quantification
Scale [37]), including evaluation of opioid consump-
tion expressed in oral morphine equivalent per day
on DO and DS.

— Pain NRS scores, recorded before and after each ses-
sion.

— Efficacy of treatment, defined by a>20% reduc-
tion of the mean NRS score between DO and D8
(IMMPACT recommendation in chronic pain [38]).

— Mean NRS score on D14 and D21 in the 2 arms.

— Completion of the following questionnaires and
scales on DO and D8:

. BPI (Brief Pain Inventory, short form [39]).
. ESAS (Edmonton Symptom Assessment System)
[40].
. HADS (Hospital Anxiety and Depression Scale)
[41].
. STAI-Y (State-Trait Anxiety Inventory (Form Y)
[42]).

— Analgesic consumption assessed by MQS on DO and
Da.

Analysis of repeated measurements of quantitative sec-
ondary endpoints (NRS, BPI, ESAS, HADS, STAI-Y and
MQS) will be based on the mean variations of the end-
point between the baseline assessment (D0) and the D21
assessment.

General study methodology
This is a French bicentre (Clinique Bretéché and CHU/Uni-
versity Hospital Nantes), randomized, comparative, dou-
ble-blind, sham-controlled trial conducted in two parallel
arms: tDCS (35 patients) and sham tDCS (35 patients).
Centralized randomization will be performed by software
and will be specific to each of the 2 centres. Patients will
not be informed about whether they have been allocated
to the active tDCS arm or the sham tDCS arm. Physicians
performing the tDCS technique and the evaluating physi-
cians will also be blinded to the type of treatment delivered
(see “Interventions: tDCS and follow-up intervention”).
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Doses of analgesic medications (opioids, antiepileptics
and antidepressants) must be stable for at least 48 hours
(D-3, DO) prior to inclusion in the study. The level of
analgesic treatment will be assessed by MQS. Analgesic
doses may be able to be decreased from the first day of
tDCS depending on its analgesic effect. One of the objec-
tives of tDCS is to decrease the doses of analgesics in
order to avoid a state of drowsiness or torpor associated
with impaired quality of life.

Inclusion criteria

+ DPatients between the ages of 18 to 80years with
cancer pain refractory to medical treatment (mean
NRS >4/10 on 2 consecutive days) in the palliative
care setting.

+ DPatients agreeing to participate in a research protocol
in this palliative care setting.

Exclusion criteria

+ Patients younger than 18 years or older than 80years.

o NRS<4/10 (pain controlled by adapted medical
treatment and global management).

+ DPatients unable to fill in the various questionnaires,
specifically chosen to be simple and easy to fill in.

+ DPatients refusing to sign the informed consent form.

+ DPatients with cognitive impairment, metal implanta-
tion in the brain and mood disorders

» DPatients with a life expectancy less than 3weeks
(duration of study follow-up).

Recruitment modalities

Patients will be recruited from the Center 1 (Clinique
Bretéché rehabilitation and palliative care unit, Nantes),
and Center 2 (CHU/University Hospital Nantes palliative
care unit). The inclusion of one patient per month cor-
responds to the recruitment, treatment and follow-up
capacities of each of these centres in accordance with the
protocol. The study will last 24 months.

Study plan (Fig. 1)

Screening visit (D-3)

Verification of inclusion and exclusion criteria. Patients
will be provided with the information sheet and will be
asked to sign the informed consent form. The patient will
be provided with NRS forms (3 assessments per day for
48 hours). For organizational reasons, this screening visit
will be held on a Friday. NRS scores will be recorded on
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Screening visit: D-3 (Friday)

Verification of inclusion and exclusion criteria. The patient will
be provided with the information sheet and will be asked to sign
the informed consent form.

The patient will be provided with NRS forms (3 assessments per
day for 48 hours (Saturday and Sunday)

DO: Verification of NRS scores
Inclusion: baseline clinical assessment,
Recording of clinical and treatment parameters

Randomization

DO0-D4: Arm 1

Active tDCS: 35 patients

DO0-D4: Arm 2

Sham tDCS: 35 patients

Longitudinal follow-up

Evaluation 4 days after the end of treatment (D8), and on D14 and D21

Fig. 1 Study plan: the study will last 24 days (D-3 to D21) including a 3-day inclusion period (D-3-D0), a 5-day treatment period (D0-D4) and

a 16-day follow-up period after stopping treatment (D8, D14, D21). Treatment consists of a daily tDCS session on 5 consecutive days. Patients

will be randomized to 2 arms (1:1 ratio): active tDCS and sham tDCS. Patients and investigators will be blinded to the results of randomization
(double-blind). The primary objective will be a significant reduction of pain evaluated by a numerical rating scale (NRS) from 0 to 10 between the
baseline score recorded between D-3 and DO and the score recorded 4 days after stopping treatment (D8)

Saturday and Sunday so that inclusion or exclusion of the
patient can be decided on Monday.

Inclusion visit (visit 1) (DO)

Recording of NRS scores for 48 hours (D-3 to D-1) allow-
ing inclusion of the patient. Recording of clinical parame-
ters such as age, sex, weight, height, etc., medical history,
previous and concomitant treatments, vital signs. Base-
line assessment: NRS, BPI, ESAS, HADS, STAI-Y and
MQS (see secondary endpoints). Randomization (by
centre, 1:1 ratio). Study personnel (physician and nurses
specialized in pain management) will be blinded to the
results of randomization.

Treatment with active or sham tDCS (D0-D4)
Study personnel (physician or trained nurse), but
not the patient, will be informed about the results of

randomization. tDCS will be delivered daily for 5 consec-
utive days. The NRS will be scored 3 times a day on these
5 days from Monday to Friday.

Visit 2 (D8)

Review of adverse events (AEs), recording of NRS scores
and the various other assessment scores (BPI, ESAS,
HADS, STAI-Y and MQS) 4 days after stopping treatment.

Visit 3 (D14, 9days after stopping treatment) and visit 4 (D21,
16 days after stopping treatment)

The same parameters as those assessed on D8 will be
assessed at these visits. These parameters will reflect the
patient’s state 9days and 16days after stopping treat-
ment. Patients who have returned home in the meantime
will be assessed at home. In every case, the assessment
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Table 1 Study calendar

Actions Screening visit (D-3) DO D0-D4 D8 D14 End of
study visit
(D21)

Informed consent, demographic and X

clinical data

Clinical examination X X X X X X

Randomization X

NRS X X X X X

tDCS

Recording of AEs X X X

BPI, ESAS, HADS, STAI-Y, MQS X X X X

NRS Numerical Rating Scale, AEs adverse events, BP/ Brief Pain Inventory, ESAS Edmonton Symptom Assessment System, HADS Hospital Anxiety and Depression scale,

STAI-Y State-Trait Anxiety Inventory (Form Y), MQS Medication Quantification Scale

will be performed by a team blinded to randomization
Table 1.

Patient follow-up In order to maximize the number
of patients evaluable for the primary analysis on the
mITT population (modified intention-to-treat [43]),
in the event of treatment discontinuation during the
DO0-D4, patients will be maintained in the trial and evalu-
ated according to the protocol at the D14 and D21 vis-
its. Coordination between the 2 centers is ensured by a
project leader (Mrs. Marine Royer) from ELSAN, who
promotes the project, in conjunction with the clinical
research nurse of each of the two centers. A videoconfer-
ence meeting is organized every 2 months to review the
progress of the protocol in each center.

Clinical parameters

— The pain numerical rating scale (NRS) is a pain self-
assessment tool. The patient rates his or her pain
orally on a scale from 0 to 10, where O corresponds to
the lower limit defining absence of pain and 10 cor-
responds to the upper limit defining the worst imagi-
nable pain. The NRS was preferred to a VAS (visual
analogue scale) based on the 2009 expert consensus
on cancer pain assessment [44].

This scale can be used to include patients considered
to experience sufficiently severe pain to justify more or
less invasive treatment. For example, pain scored as 3/10
corresponds to moderate pain [45, 46], which should be
controlled by global management and/or the use of mild
analgesics (WHO step 1 [47]). Pain scored between 7 and
10/10 is considered to be major pain (between severe and
maximum) [45]. Pain scored as 4/10 is considered to be

moderate, but with a significant impact on the patient’s
quality of life [48] and needs to be treated by noninva-
sive or minimally invasive modalities (WHO step 2 or 3
analgesics or noninvasive brain stimulation techniques,
including tDCS). Invasive treatments (e.g. cervical cor-
dotomy [49] or implantable pumps for intrathecal drug
administration [50]) specifically intended for palliative
care patients can be considered in patients experiencing
pain with NRS scores higher than 6-7/10 and could be
proposed in the event of failure of tDCS in the context of
this protocol.

The validity and reliability of the NRS for the evalu-
ation of the efficacy of analgesic treatment has been
established [45]. A 20 to 30% improvement of the
NRS score is generally considered to be significant
[51]. This percentage improvement appears to be suf-
ficient to assess the efficacy of a drug treatment asso-
ciated with few adverse effects [52]. A higher level of
efficacy (> 40% improvement) is generally required for
surgical treatment in view of the higher risks involved.
Various authors have considered that a noninvasive
interventional treatment, such as tDCS, can be evalu-
ated according to the same criteria as drug treatments
[53, 54]. In the more specific field of palliative care,
a 2-point improvement on NRS was estimated to be
significant in 74.3% of cases in a group of 70 patients
treated with ketamine infusion [55]. In 2 other reported
cases, again in the palliative care setting, ketamine infu-
sion resulted in a 2 and 3 point decrease in NRS, respec-
tively, accompanied by clinical improvement deemed
sufficient to allow the 2 patients to return home [56].
These results were the basis for our study’s enrollment
calculations. Also in palliative care, it has been estab-
lished that an assessment of pain, using only a scale
such as the NRS was insufficient [57]. For this reason,
the following scales were added to the study of clinical
parameters.
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— The Brief Pain Inventory (BPI) is a self-administered
questionnaire constructed and tested in cancer pain
[39]. It explores the main dimensions of pain: site,
intensity, functional impairment, social repercussion,
interpersonal relations and psychological distress. It
will be used in this trial, as in most clinical trials.

The short form, composed of 9 items, has been vali-
dated and shown to be reliable in the assessment of can-
cer pain [38]. The BPI and its short version were validated
in French in 2007 [58]. In palliative care, the BPI has
been recommended for the assessment of adult patients
without cognitive impairment [57]. It has been reported
that some patients may have difficulty performing this
assessment alone [59]. Our protocol concerns hospi-
talized patients who will all be assisted to complete the
questionnaires.

— Evaluation of the various symptoms observed in the
context of palliative care constitutes an evaluation
of the quality-of-life approach in this setting. The
Edmonton Symptom Assessment System (ESAS) has
been validated and found to be one of the most reli-
able of the various scales [40]. This scale is relatively
easy to score by drowsy and/or tired patients, in con-
trast with questionnaires like the McGill Quality of
Life Questionnaire [60] or VOICES-SF [22]. ESAS
evaluates 9 symptoms by means of a visual analogue
scale (0-100mm): pain, tiredness, nausea, depres-
sion, anxiety, drowsiness, lack of appetite, shortness
of breath and wellbeing. In general, mean scores
between 10 and 30, 40 and 60, and 70 and 100 mm
reflect slight, moderate and severe discomfort,
respectively [61].

— Since 1983, anxiety and depression are generally eval-
uated by the HADS (Hospital Anxiety and Depres-
sion Scale [41]). The HADS has been validated and
recommended to evaluate these symptoms in the
context of cancer pain and palliative care [62].

— The STAI-Y [42] is a self-administered questionnaire
designed to study the state of anxiety experienced at
a given point in time in adults and is composed of 20
questions, scored from 1 to 4.

Scores range from 20 to 80 and are classified in the fol-
lowing way:

— very high > 65,

— high: 56 to 65,

— moderate: 46 to 55,
— low: 36 to 45,

— very low <35.
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To date, this scale has not been validated for the evalu-
ation of cancer pain, nor in the context of palliative care.
As much as an improvement of a possible depressive
state could be explained by the action of the tDCS [63], it
is not at all known that the tDCS can have a proper effect
on anxiety. Anxiety may, however, contribute to the dis-
tress that can be encountered in a palliative care setting.
A recent publication suggests that tDCS may have an
effect on this state of distress [64], which highlights the
interest of an own assessment of anxiety.

— The Medication Quantification Scale (MQS) is a
scale used to quantitatively evaluate changes in anal-
gesic drug administration [37]. Each medication is
attributed a score corresponding to a class of drugs,
mainly taking their adverse effects into account.
Daily doses are also classified as a function of recom-
mended dosages. The total score is the product of the
score corresponding to the drug class and the score
corresponding to its daily dose. This score has been
used in 3 studies in palliative care patients treated
by noninvasive transcranial brain stimulation tech-
niques [13-15]. In this context, it proved to be relia-
ble, its evolution reflecting well the clinical evolution
of the 3 treated patients.

Statistical analysis

Statistical justification of the sample size: a 2-point
improvement of the numerical rating scale is considered
to be clinically relevant [51], which is supported by data
from the study conducted by Cheung [55] on the efficacy
of ketamine in a population of patients in palliative care
setting (see “Clinical Parameters”).

As this is the first protocol dedicated to the treatment
of painful patients in a palliative care setting with tDCS,
we did not find any evidence in the literature that could
help us justify the number of needed patients for the
evaluation of the other clinical parameters, apart from
the NRS.

On the basis of these hypotheses:

A mean NRS difference of 2 points between the
active tDCS arm and the sham tDCS arm,

— Standard deviation of 2.8,

Power of 80%.

Alpha risk of 5%,

32 patients per arm would be necessary, i.e. a total of
64 patients. In order to ensure sufficient power, an addi-
tional 10% of patients will be included in the study, i.e. a
total of 70 patients.
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The study will therefore include 70 patients: 35 in the
tDCS arm and 35 in the sham tDCS arm.

The variables measured on inclusion will be described
for all patients and in each of the two arms by num-
ber and percentage for each modality for qualitative
variables and by minimum, maximum, mean, standard
deviation and quartiles for quantitative variables. The
primary efficacy population will be a modified inten-
tion-to treat (mITT) population, comprising all rand-
omized patients who have received at least one tDCS
session (active or sham) and who were evaluated on DO
(baseline) and on DS8.

Analysis of the primary endpoint
Analysis of the primary endpoint, the pain NRS, will be
performed on the mITT population.

The mean NRS score on D8 will be compared between
the active tDCS arm and the sham tDCS arm using a
mixed linear model in order to take stratification factors
into account.

Analysis of secondary endpoints

The mean NRS score on D8 will be compared between
the active tDCS arm and the sham tDCS arm using a
mixed linear model in order to take stratification factors
into account. This analysis will also be adjusted for anal-
gesic consumption based on the MQS score.

The immediate efficacy of tDCS on pain intensity will
be compared between the two arms using a mixed linear
model with the pre- and post-tDCS difference of the NRS
score as the variable to be explained. This model will take
repeated measures per patient into account.

The response rate will be compared between the two
arms by a mixed logistic model in order to take stratifica-
tion factors into account.

The residual analgesic effect on D14 and D21 will be
studied using a mixed linear model in order to take strati-
fication factors into account. This analysis will also be
adjusted for analgesic consumption.

The course of quality of life assessed by the BPI, ESAS,
HADS and STAI-Y between DO and D7 will be compared
between the two arms by a mixed linear model in order
to take stratification factors into account.

Analgesic consumption, evaluated by the MQS ques-
tionnaire, will be compared between the two arms using
a mixed linear model.

Complementary analysis of the primary efficacy end-
point could be conducted on a per protocol population
including all patients of the mITT population not pre-
senting any major protocol violations. These major viola-
tions will be defined in the analysis plan before locking
the database.
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Randomization

Centralized randomization will be performed on DO after
verification of the inclusion criteria. Randomization will
be performed under double-blind conditions and will
be stratified according to the mean baseline pain inten-
sity (4—6 or 7) over the last 48 hours before inclusion and
according to centre.

Patients will be randomized to receive either active
tDCS or sham tDCS for the 5 treatment days defined
by the protocol. The randomization ratio will be 1:1.
Randomization will be stratified by centre by means
of the Ennov Clinical electronic CRF (https://fr.ennov.
com/getions-essais-cliniques/) by logging onto the web-
site: https://nantes-Irsy.hugo-online.fr/CSOnline/ after
obtaining the patient’s informed consent on DO. The
inclusion number and randomization arm will be auto-
matically allocated at the time of randomization. A
confirmation e-mail will be sent to the person who per-
formed randomization and to all other people concerned.

Randomization lists will be established by a Nantes
university hospital research promotion department
statistician.

A patient registered in the trial, to whom treatment has
been allocated and documented, will be considered to be
randomized. A patient cannot be included, evaluated or
randomized in the trial more than once.

Discussion

The effect of motor cortex tDCS on cancer pain and its
duration of action are important parameters that need to
be assessed in order to define the optimal modalities of
application of tDCS in the palliative care setting.

Up until now, the principle of neurostimulation tech-
niques has been mainly based on the Gate Control theory
elaborated by Melzack and Wall [65] to treat neuropathic
pain. This principle was the basis for the development
of percutaneous stimulation, thalamic stimulation and
spinal cord stimulation [66—68]. These techniques have
been demonstrated to be effective in the treatment of
neuropathic pain, but they have no significant effect on
nociceptive pain, essentially cancer pain. Invasive [69,
70] or noninvasive [27] motor cortex stimulation, which
has been developed more recently, has also been shown
to be effective on neuropathic pain [71]. It was rapidly
demonstrated that noninvasive stimulation techniques
(rTMS and tDCS) need to be repeated in order to ensure
long-term maintenance of the clinical result [72, 73].
Some studies [27] have suggested that the analgesic effect
of motor cortex stimulation is mainly due to stimulation
of its connections with several structures situated away
from the motor cortex, involved in modulation of pain in
general, including nociceptive pain (cancer or non-can-
cer pain), especially the cingulate cortex, periaqueductal


https://fr.ennov.com/getions-essais-cliniques/
https://fr.ennov.com/getions-essais-cliniques/
https://nantes-lrsy.hugo-online.fr/CSOnline/

Nguyen et al. BMIC Palliative Care (2023) 22:15

gray, and rostral ventromedial medulla [28, 29, 74, 75].
This mechanism could explain the efficacy of tDCS in
cancer pain in the palliative care setting, in which noci-
ceptive pain and neuropathic pain are often associated.
The implication of the cingulate cortex [74] explains
why the affective component of pain could be particu-
larly improved. Similarly, activation of connections
between the motor cortex and the dorsolateral prefron-
tal cortex could also be responsible for improvement of
mood, which would be a useful effect in this context, in
which a high percentage of patients are depressed [76].
The expected indirect effects of tDCS include a delayed
but probably prolonged effect due to the plasticity phe-
nomenon [27], generally induced by short-term repeti-
tion of tDCS sessions (one daily session for 5days). In the
series reported by Ibrahim [18], pain relief was especially
marked after the 5th session and was maintained for an
average of 1month, as in our case [15]. This persistent
effect of a protocol comprising 5 consecutive tDCS ses-
sions has been observed in other clinical indications [77],
which has justified the choice of this regimen for this
protocol. In addition, choosing a more prolonged treat-
ment, such as 10 consecutive days, would likely have
penalized patients with sham tDCS, bearing in mind that
some patients might have a short lifespan.

The origin of pain does not appear to affect the result.
The main results concern visceral pain [17, 18], but one of
our patients with pain related to vertebral metastases was
also considerably improved [15]. In this palliative care
setting, in which patients are often difficult to mobilize,
tDCS is much easier to deliver than rTMS, as it can be
performed at the patient’s bedside and possibly at home.

The other treatments that can be proposed instead of
tDCS often have the disadvantage of being administered
by infusion and/or of causing disorders of conscious-
ness. Sedation is in some cases a desired effect [78], but it
degrades the quality of life of the patient and his relatives,
and is almost impossible to continue at home for very
long. Ketamine is easier to handle and can eventually be
given orally as a maintenance treatment [55, 79]. How-
ever, it remains overall difficult to maintain at home and
is not without more serious and frequent side effects than
with tDCS. A comparative study would be interesting.

One of the limitations of this protocol is the lack of a
pilot study, which led us to make choices that were not
always well documented in the development of the pro-
tocol. The first choice was to select the tDCS system best
suited for a double-blind treatment protocol in a pallia-
tive care setting. There are now several devices available
that meet these criteria well. The HDC Kit makes it easy
to perform double-blind stimulation easily at the patient’s
bed. The calculation of the number of patients could
not be based on similar protocols. Those dedicated to
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cancer pain [17, 18] were aimed more at non-hospitalized
patients with a priori a life span of more than 3 months.
The only protocols performed in palliative care involved
ketamine infusion treatments. Since we were dealing with
the same population and in principle the same expecta-
tions (in particular the return home), we chose the same
main criterion, which was NRS improved by at least 2
points. The date of the “end point” was also chosen in a
way that is open to discussion. It would have been possi-
ble to choose D4 which corresponds to the date of the 5th
day of treatment. This date also corresponds to the date
of maximum improvement in a case we have previously
treated [15]. However, there is almost always a post-effect
that should allow patients to be stimulated sequentially,
for example 5days in a row every 10 or 15days, which
would be easier to perform in routine. Therefore, it was
the evaluation of the quality and duration of the afteref-
fect that led us to choose D8 as the “end point” date.

We hope that this protocol will be able to confirm the
value of tDCS in the treatment of cancer pain in pallia-
tive care patients, especially by facilitating a rapid return
home.

Acknowledgements

The authors would like to thank Dr. A. Saul for English translation of the manu-
script and Mr. A. Legrand (investigation project manager DRCI CHU Nantes),
Mr. B. Orofiamma (Atlanstat) for their assistance in methodology and statistics
and Dr. M. Royer for the coordination between the two centers (Groupe
ELSAN, 58 bis rue de la Boétie 75008 Paris).

Dissemination of results

The results will be presented at feedback sessions at national and international
congresses and may be used to compile guidelines on assessment of the
efficacy and safety of tDCS. A research report based on the study results will
be submitted to international peer-reviewed journals, in the field of palliative
care, oncology and neuromodulation, to be considered for publication.

Study status
The protocol is for a study that is ongoing, and the investigators are still col-
lecting data.

Authors’ contributions

JPN, JN, HG, DCD and JPL wrote the manuscript. DCD, AE, AVL, HG are inves-
tigators of the Centre 1 (CHU/University Hospital Palliative care Unit), Nantes.
AS, ETM, CM, and SVT are investigators of the Centre 2 (Clinique Bretéché,
Nantes). All authors have read and approved the manuscript.

Funding

STIMPAL Trial succeeded at 2019 Groupe ELSAN (Clinique Bretéché, 44000
Nantes, France) Call for research proposals, with a grant of 80.000 euros. This
study protocol has undergone peer-review by the funding body.

Availability of data and materials
All data will be anonymized and stored under lock and key, with access
granted to the research team only in each of the 2 centers.

Declarations

Ethics approval and consent to participate

STIMPLAL design has been approved by Nantes Hospital Ethic's Committee
(GNEDS) Groupe Nantais d'Ethique dans le Domaine de la Santé), on June,
12th 2019, and by the Comité de Protection des Personnes (CPP) Sud-Méditer-
ranée Il a Marseille on November, 6th 2020.



Nguyen et al. BMIC Palliative Care (2023) 22:15

All patients admitted to the units will be presented with an information leaflet
on the study in French. Consent for inclusion in the study will be obtained
from all participants who have the capacity to consent.

Consent for publication
Not applicable. This manuscript does not contain any individual person’s data.

Competing interests
None.

Author details

'Unité de Stimulation Transcranienne, Clinique Bretéché, Groupe Elsan,

Nantes 44000, France. 2UIC22 et Service Douleur Soins Palliatifs et Soins de
Support, Centre Hospitalo-Universitaire (CHU), Nantes 44930, France. 3Unité
de Soins Continus, Clinique Bretéché, Groupe Elsan, Nantes 44000, France.
“Service de Neurochirurgie, University Hospital, Ho Chi Minh ville, Vietnam.
°EA43910, Faculté de Médecine, Université Paris-Est, Créteil 94000, France.
5Unité Douleur et Soins Palliatifs intégrés, DMU Cancer et spécialités, CHU
Henri Mondor-Albert Chenevrier, APHP, Créteil 94000, France. ’Unité de Neuro-
physiologie clinique, Hopital Henri Mondor, APHP, Créteil 94000, France.

Received: 24 August 2020 Accepted: 10 January 2023
Published online: 28 February 2023

References

1. van den Beuken-van Everdingen MH, de Graeff A, Jongen JL, Dijkstra
D, Mostovaya |, Vissers KC; National guideline working arm “Diagnosis
treatment of cancer pain”. Pharmacological Treatment of Pain in Cancer
Patients: The Role of Adjuvant Analgesics, a Systematic Review. Pain Pract
2017;17:409-419.

2. Caraceni A, Portenoy RK. An international survey of cancer pain charac-

teristics and syndromes. IASP Task Force on Cancer Pain. International

Association for the Study of Pain. Pain. 1999,82:263-274.

Quigley C. The role of opioids in cancer pain. BMJ. 2005;331:825-9.

4. Virizuela JA, Escobar, Cassinello J, Borrega P; SEOM (Spanish Society of
Clinical Oncology). Treatment of cancer pain: Spanish Society of Medical
Oncology (SEOM) recommendations for clinical practice. Clin Transl
Oncol. 2012;14:499-504.

5. Lorenz KA, Lynn J, Dy SM, Shugarman LR, Wilkinson A, Mularski RA, et al.
Evidence for improving palliative care at the end of life: a systematic
review. Ann Intern Med. 2008;148:147-59.

6. Bennett M, Laird B, van Litsenburg C, Nimour M. Pregabalin for the man-
agement of neuropathic pain in adults with cancer: a systematic review
of the literature. Am J Hosp Palliat Care. 2013;30:83-90.

7. Connolly |, Zaleon C, Montagnini M. Management of severe neuropathic
cancer pain: an illustrative case and review. Am J Hosp Palliat Care.
2013;30:83-90.

8. Mercadante S, Villari P, Ferrera P, Arcuri E, David F. Opioid switch-
ing and burst ketamine to improve the opioid response in patients
with movement-related pain due to bone metastases. J Clin Oncol.
2012;30:1378-83.

9. Maltoni M, Scarpi E, Rosati M, Derni S, Fabbri L, Martini F, et al. Palliative
sedation in end-of-life care and survival: a systematic review. J Clin Oncol.
2012;30:1378-83.

10. McKinnon M, Azevedo C, Bush SH, Lawlor P, Pereira J. Practice and docu-
mentation of palliative sedation: a quality improvement initiative. Curr
Oncol. 2014;21:100-3.

11. Mercadente S. Research in palliative care: my past, my present, My Future.
J Palliat Care Med. 2013;3:6.

12. Lefaucheur JP, Antal A, Ayache SS, Benninger DH, Brunelin J, Cogiamanian
F, et al. Evidence-based guidelines on the therapeutic use of transcranial
direct current stimulation (tDCS). Clin Neurophysiol. 2017;128:56-92.

13. Denis N, Nguyen JP, de Chauvigny E, Dabouis G, Kuhn E, Lepeintre A.
Value of repetitive transcranial magnetic stimulation of the motor cortex
in the management of refractory cancer pain in palliative care: a case
report. J Palliat Med. 2013;3:1000147.

14. Nizard J, Levesque A, Denis N, de Chauvigny E, Lepeintre A, Raoul S, et al.
Interest of repetitive transcranial magnetic stimulation of the motor

w

20.

21.

22.

23.

24.

25.
26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

Page 10 of 11

cortex in the management of refractory cancer pain in palliative care:
Two case reports. Palliat Med. 2015;29:564-8.

. Nguyen JP, Esnault J, Suarez A, DixneufV, Lepeintre A, Levesque A, et al.

Value of transcranial direct-current stimulation of the motor cortex for
the management of refractory cancer pain in the palliative care setting: A
case report. Clin Neurophysiol. 2016;127:2773-4.

. Knotkova H, Malamud SC, Cruciani RA. Transcranial direct current stimula-

tion (TDCS) improved cognitive outcomes in a cancer survivor with
chemotherapy-induced cognitive difficulties. Brain Stimul. 2014;7:767-8.

. Khedr EM, Mostafa MG, Koth HI, Mohamad MF, Bakry R, Kamal SMM.

Effect of repetitive transcranial magnetic stimulation on malignant
visceral pain. Neuroenterology. 2015;3:1-8.

. Ibrahim NM, Abdelhameed KM, Kamal SMM, Khedr EMH, Kotb HIM.

Effect of Transcranial Direct Current Stimulation of the Motor Cortex
on Visceral Pain in Patients with Hepatocellular Carcinoma. Pain Med.
2017;19:550-60.

. Hamilton M. A rating scale for depression. J Neurol Neurosurg Psychiatry.

1960;23:56-62.

Cohen SR, Boston P, Mount BM, Porterfield P. Changes in quality of life
following admission to palliative care units. Palliat Med. 2001;15:363-71.
Kaasa S, Loge JH. Quality of life in palliative care: principles and practice.
Palliat Med. 2003;17:11-20.

Ross L, Neergaard MA, Petersen MA, Groenvold M. Measuring the quality
of end-of-life care: Development, testing, and cultural validation of the
Danish version of Views of Informal Carers’Evaluation of Services-Short
Form. Palliat Med. 20182;32:804-14.

Kamal AH, Currow DC, Ritchie CS, Bull J, Abernethy AP. Community-based
palliative care: the natural evolution for palliative care delivery in the US. J
Pain Symptom Manag. 2013;46:254-64.

Charvet LE, Kasschau M, Datta A, Knotkova H, Stevens MC, Alonzo A, et al.
Remotely-supervised transcranial direct current stimulation (tDCS) for
clinical trials: guidelines for technology and protocols. Front Syst Neuro-
sci. 2015;9:26.

Rapport de IGAS 2017. www.igas.gouv.fr/spip.php?article630.

Defilippi KM, Cameron S. Expanding the reach of palliative care to com-
munity-based home care programs. J Pain Symptom Manag. 2010;40:3-5.
Lefaucheur JP, André-Obadia N, Poulet E, Devanne H, Haffen E, Londero
A, et al. French guidelines on the use of repetitive transcranial magnetic
stimulation (rTMS): safety and therapeutic indications. Neurophysiol Clin.
2011;41:221-95.

Vaseghi B, Zoghi M, Jaberzadeh S. A meta-analysis of site-specific effects
of cathodal transcranial direct current stimulation on sensory perception
and pain. PLoS One. 2015;10:e0123873.

Reidler JS, Mendonca ME, Santana MB, Wang X, Lenkinski R, Motta AF,

et al. Effects of motor cortex modulation and descending inhibitory
systems on pain thresholds in healthy subjects. J Pain. 2012;13:450-8.
Khedr EM, Gamal NF, El-Fetoh NA, Khalifa H, Ahmed EM, Ali AM, et al. A
double-blind randomized clinical trial on the efficacy of cortical direct
current stimulation for the treatment of Alzheimer’s disease. Front Aging
Neurosci. 2014;6:275.

Suemoto CK, Apolinario D, Nakamura-Palacios EM, Lopes L, Leite RE, Sales
MG, et al. Effects of a non-focal plasticity protocol on apathy in moderate
Alzheimer's disease: a randomized, double-blind, sham-controlled trial.
Brain Stimul. 2014;7:308-13.

Antal A, Alekseichuk I, Bikson M, Brockméller J, Brunoni AR, Chen R, et al.
Low intensity transcranial electric stimulation: Safety, ethical, legal regula-
tory and application guidelines. Clin Neurophysiol. 2017;128:1774-809.
Bloomer MJ, Hutchinson AM, Brooks L, Botti M. Dying persons’ perspec-
tives on, or experiences of, participating in research: an integrative
review. Palliat Med. 2018;32:851-60.

White C, Hardy J. What do palliative care patients and their relatives

think about research in palliative care: a systematic review. Support Care
Cancer. 2010;8:905-11.

Abernethy AP, Capell WH, Aziz NM, Ritchie C, Prince-Paul M, Bennett RE,
et al. Ethical conduct of palliative care research: enhancing commu-
nication between investigators and institutional review boards. J Pain
Symptom Manag. 2014;48:1211-21.

Safikhani S, Gries KS, Trudeau JJ, Reasner D, Ridell K, Coons SJ, et al.
Response scale selection in adult pain measures: results from a literature
review. J Patient Rep Outcomes. 2018;2:40.


http://www.igas.gouv.fr/spip.php?article630

Nguyen et al. BMC Palliative Care (2023) 22:15

37.

38.

39.
40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

Masters Steedman S, Middaugh SJ, Kee WG, Carson DS, Harden RN, Miller
MC. Chronic-pain medications: equivalence levels and method of quanti-
fying usage. Clin J Pain. 1992;8:204-14.

Dworkin RH, Turk DC, Farrar JT, Haythornthwaite JA, Jensen MP, Katz NP,
et al. Core outcome measures for chronic pain clinical trials: IMMPACT
recommendations. Pain. 2005;113:9-19.

Poquet N, Lin C.The brief pain inventory (BPI). J Physiother. 2016;62:52.
Hui D, Bruera E. The Edmonton Symptom Assessment System 25 Years
Later: Past, Present, and Future Developments. J Pain Symptom Manag.
2017;53:630-43.

Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta
Psychiatr Scand. 1983,67:361-70.

Gaudry E, Vagg P, Spielberger CD. Validation of the state-trait distinction
in anxiety research. Multivariate Behav Res. 1975;10:331-41.

Abraha I, Montedori A. Modified intention to treat reporting in ran-
domised controlled trials: systematic review. BMJ. 2010;340:c2697.

Kaasa S, Apolone G, Klepstad P, Loge JH, Hjermstad MJ, Corli O, Strasser F,
Heiskanen T, Costantini M, Zagonel V, Groenvold M, Fainsinger R, Jensen
MP, Farrar JT, McQuay H, Rothrock NE, Cleary J, Deguines C, Caraceni A;
European Palliative Care Research Collaborative (EPCRC); European Asso-
ciation for Palliative Care Research Network (EAPCRN). Expert conference
on cancer pain assessment and classification--the need for international
consensus: working proposals on international standards. BMJ Support
Palliat Care. 2011;1:281-7.

Jensen MP, Tomé-Pires C, de la Vega R, Galan S, Solé E, Mir6 J. What deter-
mines whether a pain is rated as mild, moderate, or severe? The impor-
tance of pain beliefs and pain interference. Clin J Pain. 2017;33:414-21.
Fainsinger R, Nekolaichuk C, Fainsinger L, Muller V, Fainsinger L, Amigo

P, et al. What is stable pain control? A prospective longitudinal study

to assess the clinical value of a personalized pain goal. Palliat Med.
2017;31:913-20.

Mercadante S. World Health Organization Guidelines: problem areas in
Cancer Pain Management. Cancer Control. 1999;6:191-7.

Shmueli A. The visual analog rating scale of health-related quality of life:
an examination of end-digit preferences. Health Qual Life Outcomes.
2005;3:71.

Higaki N, Yorozuya T, Nagaro T, Tsubota S, Fujii T, Fukunaga T, et al. Useful-
ness of cordotomy in patients with cancer who experience bilateral
pain: implications of increased pain and new pain. Neurosurgery.
2015;76:249-56.

Bruel BM, Burton AW. Intrathecal therapy for Cancer-related pain. Pain
Med. 2016;17:2404-21.

Gallagher EJ, Liebman M, Bijur PE. Prospective validation of clinically
important changes in pain severity measured on a visual analog scale.
Ann Emerg Med. 2001,38:633-8.

Olsen MF, Bjerre E, Hansen MD, Hilden J, Landler NE, Tendal B, et al. Pain
relief that matters to patients: systematic review of empirical studies
assessing the minimum clinically important difference in acute pain. BMC
Med. 2017;15:35.

Luedtke K, Rushton A, Wright C, Juergens TP, Mueller G, May A. Effective-
ness of anodal transcranial direct current stimulation in patients with
chronic low back pain: design, method and protocol for a randomised
controlled trial. BMC Musculoskelet Disord. 2011;12:290.

Fregni F, Gimenes R, Valle AC, Ferreira MJ, Rocha RR, Natalle L, et al. A ran-
domized, sham-controlled, proof of principle study of transcranial direct
current stimulation for the treatment of pain in fibromyalgia. Arthritis
Rheum. 2006;54:3988-98.

Cheung KWA, Chan PC, Lo SH. The use of ketamine in the manage-
ment of refractory cancer pain in a palliative care unit. Ann Palliat Med
2020;9(6):4478-89.

Loveday BA, Sindt J. Ketamine Protocol for Palliative Care in Cancer
Patients With Refractory Pain. J Adv Pract Oncol. 2015;6(6):555-61. Epub
2015 Nov 1. PMID: 27648345, PMCID: PMC5017546.

Caraceni A, Cherny N, Fainsinger R, Kaasa S, Poulain P, Radbruch L, et al.
Pain measurement tools and methods in clinical research in palliative
care: recommendations of an expert working Group of the European
Association of palliative care. J Pain Symptom Manag. 2002;23(3):239-55.
Poundja J, Fikretoglu D, Guay S, Brunet A. Validation of the French version
of the brief pain inventory in Canadian veterans suffering from traumatic
stress. J Pain Symptom Manag. 2007;33(6):720-6.

Page 11 of 11

59. Twycross R, Harcourt J, Bergl S. A survey of pain in patients with advanced
cancer. J Pain Symptom Manag. 1996;12(5):273-82.

60. Cohen SR, Mount BM, Strobel MG, Bui F. The McGill Quality of Life
Questionnaire: a measure of quality of life appropriate for people with
advanced disease. A preliminary study of validity and acceptability. Palliat
Med. 1995;9:207-19.

61. Seow H, Sussman J, Martelli-Reid L, Pond G, Bainbridge D. Do high
symptom scores trigger clinical actions? An audit after implementing
electronic symptom screening. J Oncol Pract. 2012;8:2142-8.

62. Barraclough J. ABC of palliative care. Depression, anxiety, and confusion.
BMJ. 1997;315:1365-8.

63. Bennabi D, Haffen E. Transcranial direct current stimulation (tDCS): a
promising treatment for major depressive disorder? Brain Sci 2018;8(5):81.

64. Watt CL, Lapenskie J, Kabir M, Lalumiere G, Dionne M, Rice J, et al. Accel-
erated rTMS for existential distress in palliative care: a report of two cases.
Brain Stimul. 2021;15(1):197-200.

65. Melzack R, Wall PD. Pain mechanisms: a new theory. Science.
1965;150:971-9.

66. Nguyen JP, Nizard J, Keravel Y, Lefaucheur JP. Invasive brain stimulation for
the treatment of neuropathic pain. Nat Rev Neurol. 2011,7:699-709.

67. Nizard J, Raoul S, Nguyen JP, Lefaucheur JP. Invasive stimulation therapies
for the treatment of refractory pain. Discov Med. 2012;14:237-46.

68. Nizard J, Lefaucheur JP, Helbert M, de Chauvigny E, Nguyen JP. Non-
invasive stimulation therapies for the treatment of refractory pain. Discov
Med. 2012;14:21-31.

69. Tsubokawa T, Katayama Y, Yamamoto T, Hirayama T, Koyama S. Chronic
motor cortex stimulation for the treatment of central pain. Acta Neuro-
chir. 1991,52:137-9.

70. Nguyen JP, Lefaucheur JP, Decq P, Uchiyama T, Carpentier A, Fontaine D,
et al. Chronic motor cortex stimulation in the treatment of central and
neuropathic pain. Correlations between clinical, electrophysiological and
anatomical data. Pain. 1999;82:245-51.

71. Lefaucheur JP, Drouot X, Ménard-Lefaucheur |, Keravel Y, Nguyen JP.
Motor cortex rTMS restores defective intracortical inhibition in chronic
neuropathic pain. Neurology. 2006;67:1568-74.

72. Pommier B, Créac’h C, Beauvieux V, Nuti C, Vassal F, Peyron R. Robot-
guided neuronavigated rTMS as an alternative therapy for central (neu-
ropathic) pain: Clinical experience and long-term follow-up. Eur J Pain.
2016;20:907-16.

73. Lefaucheur JP, Drouot X, Ménard-Lefaucheur I, Nguyen JP. Neuropathic
pain controlled for more than a year by monthly sessions of repetitive
transcranial magnetic stimulation of the motor cortex. Neurophysiol Clin.
2004;34:91-5.

74. Peyron R, Garcia-Larrea L, Deiber MP, Cinotti L, Convers P, Sindou M,
et al. Electrical stimulation of precentral cortical area in the treatment of
central pain: electrophysiological and PET study. Pain. 1995,62:275-86.

75. Maarrawi J, Peyron R, Mertens P, Costes N, Magnin M, Sindou M, et al.
Motor cortex stimulation for pain control induces changes in the endog-
enous opioid system. Neurology. 2007,69:827-34.

76. Porche K, Reymond L, Callaghan JO, Charles M. Depression in pallia-
tive care patients: a survey of assessment and treatment practices of
Australian and New Zealand palliative care specialists. Aust Health Rev.
2014,38:44-50.

77. Behrens JR, Kraft A, Irlbacher K, Gerhardt H, Olma MC, Brandt SA. Long-
Lasting Enhancement of Visual Perception with Repetitive Noninvasive
Transcranial Direct Current Stimulation. Front Cell Neurosci. 2017;11:238.

78. Krakauer EL, Penson RT, Truog RD, King LA, Chabner BA, Lynch TJ Jr. Seda-
tion for intractable distress of a dying patient: acute palliative care and
the principle of double effect. Oncologist. 2000;5(1):53-62.

79. Soto E, Stewart DR, Mannes AJ, Ruppert SL, Baker K, Zlott D, et al. Oral
ketamine in the palliative care setting: a review of the literature and case
report of a patient with neurofibromatosis type 1 and glomus tumor-
associated complex regional pain syndrome. Am J Hosp Palliat Care.
2012,29(4):308-17.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Bicentre, randomized, parallel-arm, sham-controlled trial of transcranial direct-current stimulation (tDCS) in the treatment of palliative care patients with refractory cancer pain
	Abstract 
	Background 
	Methoddesign 
	Discussion 

	Background
	Interventions: tDCS and follow-up intervention
	Benefits and risks
	Study objective
	General study methodology
	Inclusion criteria
	Exclusion criteria

	Recruitment modalities
	Study plan (Fig. 1)
	Screening visit (D-3)
	Inclusion visit (visit 1) (D0)
	Treatment with active or sham tDCS (D0-D4)
	Visit 2 (D8)
	Visit 3 (D14, 9 days after stopping treatment) and visit 4 (D21, 16 days after stopping treatment)

	Clinical parameters
	Statistical analysis
	Analysis of the primary endpoint
	Analysis of secondary endpoints

	Randomization

	Discussion
	Acknowledgements
	References


