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Abstract
Introduction  Breast cancer affects 1 in 10 women 
worldwide, and mastectomy is a cause of chronic pain 
with neuropathic characteristics. N-methyl-D-aspartate 
receptor (NMDAR) antagonists such as ketamine, 
memantine, dextromethorphan or magnesium are 
used to treat refractory pain by blocking NMDAR. Oral 
memantine has been shown to prevent postmastectomy 
pain and cognitive impact and to maintain quality of life. 
Likewise, the present study is intended to assess the 
preventive effect of oral magnesium, administered ahead 
of mastectomy, on the development of neuropathic pain. 
As a physiological blocker of NMDAR, magnesium could 
be an interesting candidate to prevent postoperative pain 
and associated comorbidities, including cognitive and 
emotional disorders, multiple analgesic consumption and 
impaired quality of life.
Methods and analysis  A randomised double-blind 
controlled clinical trial (NCT03063931) will include 100 
women with breast cancer undergoing mastectomy 
at the Oncology Hospital, Clermont-Ferrand, France. 
Magnesium (100 mg/day; n=50) or placebo (n=50) will 
be administered for 6 weeks, starting 2 weeks before 
surgery. Intensity of pain, cognitive and emotional function 
and quality of life will be assessed by questionnaires. The 
primary endpoint is pain intensity on a 0–10 numerical 
rating scale at 1 month postmastectomy. Data analysis will 
use mixed models; all tests will be two-tailed, with type-I 
error set at α=0.05.
Ethics and dissemination  The study protocol and 
informed consent form were approved in December 2016 
by the French Research Ethics Committee (South East 
VI Committee). Results will be communicated in various 
congresses and published in international publications.
Trial registration number  NCT03063931.

Introduction 
Breast cancer is the most common cancer 
in women worldwide, and the lifetime 
probability of developing breast cancer is 
12.3%, or approximately 1 in 8.1 Mastec-
tomy, chemotherapy and radiotherapy are 
important contributors to the development 
of neuropathic pain.2 Neuropathic pain is 
defined as pain related to a lesion or disease 

affecting the somatosensory system. The 
mechanisms responsible for spinal hyper-
excitability include the activation of central 
and peripheral N-methyl-D-aspartate recep-
tors (NMDAR)3 4 which play an ubiquitous 
role in central pain sensitisation and in many 
other functions, including memory and 
learning.5–7 Neuropathic pain is associated 
with the development of a number of comor-
bidities, including cognitive-emotional and 
sleep disorders.8 Postmastectomy pain may 
be reported in the anterior thorax, armpit 
or upper arm, and oedema, sensory dysfunc-
tion, neuroma and numbness in the arm 
contribute to the pain syndrome that affects 
20%–68% of the patients.2 NMDAR antago-
nists such as ketamine, memantine, dextro-
methorphan or magnesium may, by blocking 
NMDAR, limit or even reverse the painful 
phenomena and are possible drugs for pain 
refractory to classical treatments.5 9–11 

On a translational approach, the prophy-
lactic effect of memantine in neuropathic 
pain was recently demonstrated in animals 
and in humans.11 12 In a preclinical pain 
model of spinal nerve ligation, memantine 
administered a few days before surgery was 
shown to prevent the development of neuro-
pathic pain. Molecular biology tests showed 
a decrease in pTyr1472NR2B concentrations 
at spinal and supraspinal levels (insula and 
hippocampus).12 The clinical translational 
study confirmed the beneficial effect of 
memantine in preventing the development 
of postmastectomy pain and diminishing 
chemotherapy-induced pain symptoms and 
analgesic consumption, with better quality of 
life for at least 6 months after surgery.11

Magnesium is a physiological NMDAR 
antagonist which blocks the calcium and 
potassium channels of the receptor, modu-
lating NMDAR activation with very few 
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side-effects.13 Preclinical and clinical pain studies 
reported varying curative effects, with satisfactory14–29 or 
more slight results.30–39 No study has yet focused on the 
effect of several weeks oral administration of magnesium 
starting 2 weeks before surgery on postoperative pain, or 
more specifically on postoperative pain following breast 
cancer surgery.

In the present study, magnesium will be administered 
before surgery in order to evaluate its effect on pain 
development, cognition, emotion and quality of life 
during the 3 months following mastectomy. The primary 
objective is to determine whether magnesium adminis-
tered for 2 weeks before and 4 weeks after mastectomy 
may limit pain development at 1 month postmastectomy 
compared with placebo. The secondary objectives are to 
assess pain intensity, concomitant analgesic consumption, 
cognitive-emotional function, quality of life and sleep 1 
and 3 months after mastectomy.

Methods and analysis
Study setting
A randomised placebo-controlled double-blind clin-
ical trial will be conducted in the Oncology Hospital of 
Clermont-Ferrand, France, in 100 women undergoing 
total mastectomy for breast cancer. Three weeks before 
surgery (D-21), patients will meet the medical team, and 
the physician will explain the protocol and study objec-
tives and the various questionnaires and tests; the patient 
will then be able provide a written informed consent. 
As appropriate, sufficient time for reflection will be 
allowed. After giving informed consent, the women will 
rate their pain on a numerical rating scale (NRS) and 
complete the cognition, emotion, quality of life and 

sleep questionnaires. A blood test will be performed for 
magnesium and creatinine dosage, and participants will 
be randomised between two parallel groups: magnesium 
(n=50) and placebo (n=50). Patients will be contacted 2 
weeks before surgery with a reminder to start treatment. 
Magnesium or placebo (lactose) will be taken orally for 
6 weeks, starting 2 weeks before surgery. Magnesium will 
be given at a dose of 100 mg/day (2 tablets of 50 mg/day 
once daily). Endpoints will be reassessed at 1 (M1) and 3 
months (M3) postmastectomy. Patients will be contacted 
weekly by phone to maintain good compliance and 
screen for any adverse events. Finally, patients will have a 
diary for recording drug intake and adverse events, daily 
for 3 months starting on the day of surgery (D0). Detailed 
information on the study is summarised in figure 1.

Inclusion criteria
1.	 Age ≥18 years.
2.	 Diagnosis of breast cancer with scheduled total mastec-

tomy with or without axillary dissection.
3.	 No change in treatment or diet.
4.	 Patient able to understand and agreeing to follow the 

study protocol.

Exclusion criteria
1.	 Any contraindications for magnesium: hypersensitivity 

to magnesium chloride or to any of the excipients.
2.	 Magnesaemia >1.05 mmol/L.
3.	 Severe kidney failure and renal clearance <30 mL/min.
4.	 Alcohol addiction, as diagnosed by the investigator.
5.	 Type 1 or 2 diabetes.
6.	 Treatment with quinidine or L-Dopa.
7.	 Childbearing age with no effective contraceptive meth-

od, pregnancy or lactation.

Figure 1  Study design.
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8.	 Enrolment in another clinical trial.
9.	 Inability to comply with protocol requirements.

Patient and public involvement
This study will take place in women suffering from breast 
cancer and the aim is to determine if magnesium admin-
istered before mastectomy may limit pain development at 
1 month postsurgery. Patients will be informed about the 
interest of improved knowledge for the prevention of pain 
postsurgery and will be asked to collaborate at their best 
in the study. Patients will not be involved in the recruit-
ment and conduct of the study. Results will be presented 
when published to the participants in an annual meeting. 
The burden of the intervention will be assessed by the 
patients at the end of the study in order to evaluate any 
potential gaps in the trial.

Intervention
Treatment group
The treatment group will receive magnesium for 6 weeks, 
starting 2 weeks before surgery: 100 mg/day (two 50 mg 
tablets in a single dose) of low-dose continuous-release 
magnesium (ChronoMag, FJ Life Sciences), stored in 
opaque white bottles so as to maintain double-blinding.

Control group
Control patients will receive 2 tablets of placebo (lactose), 
in a single dose once daily, for 6 weeks, starting 2 weeks 
before surgery.

Magnesium and packaging will be provided by FJ Life 
Sciences. The placebo will be prepared, packaged and 
released in the hospital’s central pharmacy by a single 
qualified person, according to good manufacturing 
principles. The number of tablets in each container will 
be checked and recounted at end of treatment by two 
persons totally independent of the protocol.

Outcome evaluation
The primary endpoint will be mean pain intensity on 
NRS in the magnesium and placebo groups over the 5 
days preceding the 1-month postsurgery visit. The scale 
ranges from 0 (no pain) to 10 (maximum tolerable pain).

The following secondary endpoints will be evaluated 
at the M1 and M3 screening visit: (1) pain, on NRS and 
McGill pain questionnaire40; (2) neuropathic pain ques-
tionnaires: Neuropathic Pain Questionnaire in 4 Ques-
tions (DN4) and Neuropathic Pain Symptom Inventory 
(NPSI)41 42; (3) cognition, on Trail-Making Test (TMT) 
and Functional Assessment of Cancer Therapy-Cognitive 
Function (FACT-COG)43 44; (4) anxiety and depression, on 
the Depression-Anxiety-Stress Scale (DASS)45; (5) quality 
of life, on the European Organization for Research and 
Treatment of Cancer Quality of Life Core 30-item and the 
Patient Global Impression of Change questionnaires; and 
(6) sleep, on the Pittsburgh Sleep Quality Index.46–48 At 
the inclusion, M1 and M3 visits, blood and urine concen-
trations of magnesium will be measured. An example of 
data for one patient is reported in table 1.

McGill Pain Questionnaire
This questionnaire qualifies pain experience during the 
previous 48 hours. It has 58 qualifiers divided into 16 
items (A–P). Each qualifier is rated from 0 to 4, where 
0=absent, 1=low, 2=moderate, 3=strong, 4=very strong. 
The score is divided into two subclasses: sensory (items 
A–I) and emotional (items J–P).40

Neuropathic Pain Questionnaire in 4 Questions
DN4 is a clinical tool for the diagnosis of neuropathic 
pain. This questionnaire has four questions divided into 
10 items related to the interview (ie, symptoms) and to 
the sensory examination (ie, signs). The investigator asks 
and examines the patient and notes a response ‘no’ or 
‘yes’ for each item: ‘yes’ is scored as ‘1’ and ‘no’ is scored 
as ‘0’. The sum of scores gives the total score of the patient 
(/10). DN4 is considered positive for scores ≥4/10.41

Neuropathic Pain Symptom Inventory
NPSI is a self-administered questionnaire comprising 10 
pain descriptors. Intensity is rated on 0–10 numerical 
scales, and two temporal items are designed to assess 
ongoing spontaneous pain duration and the number of 
pain paroxysms over 24 hours. This questionnaire discrim-
inates five distinct clinically relevant dimensions: sponta-
neous burning pain, spontaneous deep pain, paroxysmal 
pain, evoked pain and paresthesia/dysesthesia.42

Trail-Making Test
This non-verbal cognitive test assesses ability of speed, 
executive function, attention, concentration and visual 
perceptual speed. In part A, the patient has to draw lines 
connecting circles randomly numbered from 1 to 25, 
and the patient must connect with lines the numbers in 
ascending order (1-2-3-4, etc). In part B, the circles are 
labelled with numbers from 1 to 13 and letters from A 
to L, and the patient has to draw lines connecting the 
circles, but alternating numbers and letters (1A–-2B−3C, 
etc). The patient has to connect the circles as quickly as 
possible in both parts of the test, without lifting pen from 
paper. TMT B additionally provides an estimate of mental 
flexibility.43

Functional Assessment of Cancer Therapy-Cognitive Function
This self-reported questionnaire has been validated in 
patients with cancer and assesses cognitive impairment 
and its impact on quality of life. It comprises 37 items, 
assessing memory, attention, concentration, language 
and thinking abilities. Items are rated on a 5-point Likert 
scale. The FACT-COG takes into consideration the func-
tional implications of cognitive impairment, deficits 
observed by others, changes in cognitive function over 
time and impact on quality of life.44

Depression-Anxiety-Stress Scale
DASS is a 42-item self-reported instrument designed to 
measure the three related negative emotional states of 
depression, anxiety and tension/stress. The DASS-de-
pression scale focuses on reports of low mood, motivation 
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and self-esteem, DASS-anxiety on physiological arousal, 
perceived panic and fear, and DASS-stress on tension and 
irritability. The respondent indicates, on a 4-point scale, 
the extent to which each of the 42 statements applied 
over the previous week. A printed overlay is used to 
obtain total scores for each subscale. Higher scores on 
each subscale indicate increasing severity of depression, 
anxiety or stress.45

European Organization for Research and Treatment of Cancer 
Quality of Life Questionnaire Core 30 items
This questionnaire assesses the quality of life of patients 
with cancer. It is divided into nine subscales, consisting 
of several items: five subscales measuring functional 
status (physical, role, social, emotional, cognitive), three 
subscales measuring symptoms (fatigue, pain, nausea 
and vomiting) and a global subscale of quality of life 
and health. Finally, six items on isolated symptoms cover 
cancer symptoms and frequent side effects of cancer 
therapies.46

Patient Global Impression of Change
This is a 7-point self-reported numerical scale assessing 
what changes in condition following treatment meant to 
the patient.47

Pittsburgh Sleep Quality Index
This questionnaire consists of 19 items and is used to 
measure sleep quality. It comprises seven domains: subjec-
tive sleep quality, sleep latency, sleep duration, habitual 
sleep efficiency, sleep disturbances, use of sleep medica-
tion and daytime dysfunction.48

Recruitment and randomisation
Three weeks before mastectomy, when the informed 
consent form has been signed, blood samples will be 
taken for magnesium and creatinine concentrations, and 
questionnaires will be delivered. Patients will then be 
randomised between the magnesium (n=50) and placebo 
groups (n=50), by a person totally independent of the 
study, following a predetermined randomisation list 

Table 1  Summary of assessments

Time point

Study period

Enrolment Allocation Postallocation Close-out

D0-21 D0-14 D0 M1 M3

Enrolment

 � Eligibility screen X

 � Informed consent X

 � Allocation X

Interventions

 � Start of treatment X

 � End of treatment X

 � Surgery X

 � Blood test X X X

 � Urine test X X

 � Delivery of pain diary X

Assessments

 � Numeric Rating Scale X X X

 � Neuropathic Pain Questionnaire in 4-Questions
 � Neuropathic Pain Symptom Inventory

X X X

 � McGill Pain Questionnaire X X X

 � Trail-Making Test X X X

 � Functional Assessment of
 � Cancer Therapy-Cognitive Function

X X X

 � EORTC QLQ-C30 X X X

 � Depression Anxiety Stress Scale X X X

 � Pittsburgh Sleep Quality Index X X X

 � Patient Global Impression of Change X X X

 � Concomitant analgesic treatments X X X X X

 � Adverse events X X X X

EORTC QLQ C30, European Organization for Research and Treatment of Cancer Quality of Life Core 30-item.
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generated using random blocks. Treatments (magnesium 
and placebo) will be packed in similar opaque bottles 
with identically designed labels indicating batch number, 
expiry date and sponsor code, with no indication of the 
name of the drug. To maintain blinding, the physician 
assessing pain will not be able to guess allocation at any 
time and will not meet the patient again in the course of 
the trial.

Sample size calculation
Sample size estimation has been performed using Stata 
software V.13 (StataCorp) with command sampsi based 
on usual sample size estimation.49 Considering the litera-
ture, the prevalence of postmastectomy pain is 20%.50 51 
However, these data may vary depending on demographic, 
psychological and medical/surgical factors52 and will 
be taken into consideration in this study. The number 
of subjects required is 100 patients with breast cancer 
undergoing total mastectomy (50 in each group). The 
minimum δ difference in numerical pain scale between 
magnesium and placebo groups at M1 is estimated at 1.0 
and σ standard deviation at 1.5 with α=0.05 two-sided type 
I error and β=0.10.

Statistical analysis
Statistical analyses will be performed with Stata soft-
ware V.13. Concerning the primary objective, compar-
ison between the randomised groups will be performed 
using the Student’s t-test or the Mann-Whitney U test 
(if the conditions for validity of the Student’s t-test are 
not respected, normality verified by Shapiro-Wilk and 
homoscedasticity by Fisher-Snedecor test). If a high 
correlation between baseline and follow-up scores is 
highlighted, an analysis of covariance with the baseline 
average NRS as a covariate will be proposed as multivari-
able analysis, as proposed by Vickers and Altman.53 This 
analysis can thus be expanded to include additional prog-
nostic variables. The confounding factors likely to influ-
ence the primary endpoint (paravertebral block, breast 
reconstruction with latissimus dorsi muscle flap, axillary 
dissection) will be taking into account in multivariate 
regression analysis. Concerning anaesthesia, it is gener-
ally standardised and the authorised treatment will be 
noted. There will be a systematic adjustment for the main 
analysis. The analysis of repeated data (at the inclusion, 
M1 and M3) will be carried out by mixed models which 
allow to consider, on the one hand, time, group and 
their interaction time x group as fixed effects and on the 
other hand, the within and between subject variability. 
A sensitivity analysis will be considered to measure the 
impact of missing data and to assess the problem caused 
by missing longitudinal data at M3. A sensitivity analysis 
will be performed to measure the impact of missing data 
and to assess the problem caused by missing longitudinal 
data at M3. 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: multiple imputation, maximum bias 

(last observation carried forward vs baseline observation 
carried forward) or estimation proposed by Verbeke and 
Molenberghs for repeated data’.54

Data handling and record keeping
All original records, such as consent forms, case report 
forms, questionnaires and pain diaries, will be archived 
at trial sites for 15 years. The database file will be anony-
mised and likewise archived for 15 years. Monitoring 
will be performed by a clinical research associate inde-
pendent of the study. The monitored case report forms 
will then be transferred to the Data Management Center 
(CIC-Inserm 1405, Clermont-Ferrand).

Study duration
Treatment duration will be 42 days. Total participation 
duration per patient will be 14 weeks. The protocol will 
include four visits (D-21/D0/M1/M3), with a systematic 
period of hospital admission for surgery. Treatment will 
be taken daily, starting 2 weeks before surgery and main-
tained 4 weeks after. Recruitment will start in June 2018. 
The total duration of the study is estimated at 3 years.

Ethics and dissemination
Each patient meeting the inclusion criteria will sign a 
consent form after receiving oral and written informa-
tion. After agreement between all investigators, data will 
be disclosed and results will be communicated in various 
congresses and published in international publications.

Discussion
Following successful results obtained with prophylactic 
memantine against onset of neuropathic pain,11 12 this 
study aims at assessing magnesium treatment to prevent 
neuropathic pain induced by mastectomy, with a similar 
protocol. In breast cancer surgery, clinical studies using 
magnesium have focused so far on the qualitative and 
emotional aspects rather than the actual intensity of 
pain.55 Magnesium has shown discrepant results in allevi-
ating neuropathic pain.18–39 It has been shown to modu-
late the limbic system via NMDAR, and these brain areas 
are known to be involved in emotion and pain.56 It is 
therefore essential to evaluate magnesium’s effect on 
pain and concomitantly on cognitive-emotional aspects 
and sleep. Magnesium deprivation may affect cogni-
tion and sleep quality. Preclinical findings showed that 
increased brain magnesium levels enhanced both short-
term synaptic facilitation and long-term potentiation and 
improved learning and memory functions.57 In humans, 
patients with pre-eclampsia receiving magnesium showed 
better attention and working memory performance 
than controls, both before and after delivery.58 Further-
more, a review reported the relationship between low 
magnesium level and stress or cognitive difficulties such 
as lack of concentration and difficulties in learning.59 
Concerning the impact of magnesium on sleep, a place-
bo-controlled randomised cross-over study performed in 
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12 elderly participants showed that magnesium supple-
mentation significantly reversed electroencephalogram 
changes, including decreased slow-wave sleep, that may 
occur during ageing.60 Furthermore, a double-blind 
trial reported that intraoperative infusion of magnesium 
significantly improved quality of sleep during the postop-
erative period, without any side effects.28

Magnesium is an abundant mineral, naturally present 
in food, and is available as a dietary supplement that is 
appreciated by patients.61 It can be obtained without 
prescription and has a favourable risk–benefit ratio, with 
few side effects.61 It is also known to regulate diverse 
biochemical reactions in the body, and is required for 
energy production, oxidative phosphorylation and glycol-
ysis. It also plays a role in the active transport of calcium 
and potassium ions across cell membranes, a process 
that is important for nerve impulse conduction, muscle 
contraction and normal heart rhythm.62 63 Low blood 
levels of magnesium were shown to be associated with 
a number of pathologies, including type 2 diabetes and 
cardiovascular disease.64 Oral magnesium supplemen-
tation is usually well tolerated and gastrointestinal side 
effects such as nausea, vomiting and diarrhoea are usually 
minor.64 65

The pharmaceutical form used in this trial provides 
magnesium chloride, a circulating form of magne-
sium with gradual constant release of low-dose magne-
sium along the gastrointestinal tract. A recent clinical 
study (NCT01935570) showed that a dose of 100 mg 
daily ensures optimal absorption over a 24-hour period. 
Furthermore, this form of magnesium does not induce 
intestinal side effects and is easy to use, with once-a-day 
intake.

In conclusion, if magnesium given before and after 
mastectomy proves its efficacy in preventing neuropathic 
pain, it could provide an excellent prophylactic strategy 
against postmastectomy pain symptoms, maintain quality 
of life and cognitive function and limit the comorbidities 
that accompany breast cancer.
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