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Purpose: Post-mastectomy pain syndrome is a common yet debilitating neuropathic complication after breast cancer procedures, 
resulting in significantly reduced quality of life. Recently, emerging evidence has supported the therapeutic effect of magnesium 
administration in chronic pain. However, the role of magnesium supplementation in development of chronic pain after breast cancer 
surgery remains less known. The aim of this study was to evaluate therapeutic effect of magnesium supplementation on persistent pain 
after breast cancer procedure.
Patients and Methods: This was a randomized, double-blind, placebo-controlled clinical trial. A total of 109 patients who 
underwent breast cancer procedure received magnesium-L-threonate (n = 48) or placebo (n = 61) for 12 weeks. Chronic pain 
incidence, short form of the McGill Pain Questionnaire (SF-MPQ), Generalized Anxiety Disorder Scale (GAD-7), Patient Health 
Questionnaire-9 (PHQ-9), Pittsburgh Sleep Quality Index (PSQI), and Telephone Interview for Cognitive Status (TICS) were 
evaluated at 3- and 6-month follow-up.
Results: About 31% (15 out of 48) of patients reported chronic pain after magnesium supplementation, and 26% (16 out of 61) of the 
control group at 6-month follow-up respectively. Total scores of SF-MPQ were significantly increased in the control group 6 months 
after surgical intervention (mean difference, 1.475; 95% CI, −2.730 to −0.2211), but NOT in the magnesium treated group (mean 
difference, 1.250; 95% CI, −2.775 to 0.2748). No significant differences were found between two cohorts on SF-MPQ, GAD-7, PHQ- 
9, PSQI, or TICS at each timepoint.
Conclusion: Oral supplementation of magnesium-L-threonate did not effectively prevent the development of persistent pain in breast 
cancer survivors, nor provide sufficient pain relief over placebo. We did not observe improvement of pain, mood, sleep disorder, or 
cognitive function after 12-week magnesium supplementation. Future study may focus on magnesium combined with other effective 
anti-neuropathic pain treatment.
Keywords: breast cancer surgery, chronic pain, magnesium-l-threonate, neuropathic pain, pain management

Introduction
The incidence of post-mastectomy pain syndrome (PMPS) has been estimated to range from 20–50% in previous 
reports,1 more than half of whom suffer moderate to severe pain after breast cancer treatment.1–4 PMPS is characterized 
by its neuropathic pain symptoms, such as persistent pain and multiple forms of sensory deficiency (eg, allodynia, 
hyperpathia, aftersensations, burning, or sensory loss), which is consistent with other types of post-surgical pain.4,5 

Despite surgical injury, adjuvant chemotherapy and radiotherapy, younger age, preoperative pain condition, and axillary 
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lymph node dissection may also increase the risk of PMPS,4–6 which requires ongoing treatment and significantly reduces 
quality of life in patients with breast cancer.

One strategy to prevent the chronicity of neuropathic pain is to block the N-methyl-d-aspartate receptors (NMDARs) 
of the sensory neurons located at the dorsal horn of the spinal cord,7,8 which are blocked by magnesium ions under 
physiological state.9 In contrast, consistent nerve lesion and pathological inflammation can induce hyperactivity of 
postsynaptic depolarization and remove magnesium blockage, resulting in central sensitization of pain transmission.10 

Thus, magnesium administration may contribute to restoring the physiological functions of NMDARs, to attenuate the 
phenomenon of central sensitization, which is clinically relevant with manifestations of allodynia and hyperalgesia in 
patients with PMPS.11,12 However, the therapeutic effect of magnesium supplement on persistent pain caused by breast 
cancer procedure remains uncertain.

Recently, emerging evidence has demonstrated that a novel magnesium compound, Magnesium-L-Threonate (MLT) 
at a daily dosage of 1800 mg for 8 weeks, can achieve cognitive benefits in the elderly with or without Alzheimer’s 
Disease,13 which shares common therapeutic mechanism of NMDARs antagonists for neuropathic pain.14 Additionally, 
magnesium supplementation restores intracellular free Mg2+ and natural killer activating receptor NKG2D in natural 
killer and CD8+ T cells,15 which may further provide immune benefits in breast cancer survivors.

Thus, we hypothesized that blockage of NMDARs through MLT supplementation may attenuate neurophysiological 
disorders after breast tumor surgery, with regard to painful and cognitive co-morbidity. In this study, we primarily aimed 
to investigate the analgesic effect of MLT administration on persistent pain after breast cancer procedure. In addition, we 
evaluated the effect of MLT on cognitive function in patients who have undergone breast tumor surgery.

Materials and Methods
Study Design and Ethics Statement
This was a randomized, double-blind, placebo-controlled clinical trial, which was conducted in accordance with the 
guidance of the Helsinki Declaration and approved by the Ethics Committee of The Third Xiangya Hospital, Central 
South University, China (NO. 19076). This clinical trial was registered in Chinese Clinical Trial Registry 
(ChiCTR1900023820), and written informed consent was obtained from all patients. Data Safety Monitoring Board was 
appointed independently to the researchers and participants in this clinical trial, mainly to supervise the clinical safety.

Participants
A total of 526 female patients who were scheduled to undergo breast procedure for primary unilateral breast cancer were 
initially screened. Participants were excluded for: (1) aged below 18 or over 70 years old; (2) pregnant or breastfeeding; 
(3) drug abuse or psychiatric disease history; (4) severe respiratory, cardiovascular, hepatic, renal, or autoimmune 
disease, other type of neoplasm; (5) previous administration of analgesic, antiepileptic, antidepressant medications, or 
drugs which may influence the metabolism of magnesium (diuretics, proton pump inhibitor, calcium channel blocker, 
penicillamine, antacid containing magnesium and corticosteroids); (6) allergy to MLT; (7) were currently participating in 
other clinical trials; (8) unwillingness to take part in the study.

Randomization and Intervention
Random numbers were automatically generated in a 1:1 ratio using the SAS software (Cary, NC, USA), which were 
sequentially labeled with packs containing MLT or the placebo. The randomized, labeled packs were then allocated to 
participants according to the sequence of procedure date. There were five boxes containing MLT (Wuxi Naomisu Bio 
pharmaceutical Technology Co., Ltd, 0.6 g per cachet) in each pack, and one box contained sixty cachets (45.9 mg 
magnesium per cachet). The placebo contained the same ingredients but no MLT. Neither the packs nor the cachets had 
identifications to distinguish the placebo from MLT. Each patient was assigned one pack in order after recruitment, and 
was required to take 1.2 g MLT (91.8 mg magnesium) or placebo once a day for a 12-week treatment period. The 
investigators and participants were blinded to the contents of the pack.
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Assessments and Data Collection
After initial recruitment, enrolled participants provided demographic, clinical, and laboratory data at baseline. The 
primary outcome was incidence of persistent pain after breast cancer procedure, and pain severity assessed at different 
time points (1-, 3-, and 6-month) after breast procedure with the short form of the McGill Pain Questionnaire (SF-MPQ) 
.16 The secondary clinical evaluations included Generalized Anxiety Disorder Scale (GAD-7), Patient Health 
Questionnaire-9 (PHQ-9), Pittsburgh Sleep Quality Index (PSQI), and Telephone Interview for Cognitive Status 
(TICS). One independent researcher (F.D.) who was blinded to the allocation and intervention conducted the follow- 
up and data collection with a standard questionnaire containing the observational index mentioned previously. A 6-month 
efficacy and safety end-point was set in this study.

Statistical Analysis
Based on previous data,17,18 about one third of breast cancer patients reported persistent pain condition after surgical 
intervention. We considered patients with pain relief more than 50% as responders in our previous report.19 Sample size 
estimation was calculated based on these data for Type I error (alpha) of 0.05, and power (beta) of 90% to detect 
a clinically relevant change in pain relief with a sample size per group of 50 patients. Assuming a drop-out rate of 20%, 
we thus planned to enroll 120 patients.

Descriptive analysis was used to capture the clinical features of participants. Results were presented as mean ± 
standard deviation. The Shapiro–Wilk test was used to calculate the normality of each variable. Chi-squared test, Fisher’s 
exact test, Student’s t-test, or Mann–Whitney U-test was used to compare the clinical features between MLT and placebo 
group when appropriate. To compare the therapeutic effect between MLT and placebo, two-way ANOVA followed by 
post-hoc multiple pair-wise comparison Bonferroni correction was performed to evaluate the changes of SF-MPQ, GAD- 
7, PHQ-9, PSQI, and TICS at each timepoint. A two-sided p value <0.05 was considered statistically significant for all 
testing. Data analysis was processed with Prism v8 (GraphPad, San Diego, CA, United States).

Results
Cohort Features
A total of 526 patients who were scheduled to undergo breast tumor resection were initially screened for eligibility, and 
146 participants who received breast cancer procedure consented to participate in the study from July 2019 to 
December 2020. Four patients were lost at 1-month follow-up, and there were 25 withdrawals at 3-month follow-up 
and 21 at six-month interview respectively. Two patients in the MLT subgroup were excluded for postoperative wound 
infection. Consequently, there were 48 patients assigned to the MLT intervention group, and 61 patients were enrolled in 
the placebo group respectively. The flowchart of patient selection is shown in Figure 1.

The mean age of participants was about 47.3 ± 8.4 years old in the MLT-treated group, and 45.6 ± 9.6 in the control 
group respectively. About one fifth of participants (20 out of 109 participants) presented with symptomatic pain (VAS ≥ 
3/10) preoperatively, but no significant difference was found in preoperative pain scores. The general features of 
patients are shown in Table 1.

Comparison of the Therapeutic Effect of MLT versus Placebo on Persistent Pain After 
Breast Cancer Procedure
As shown in Figure 2A, about one third of patients (16 out of 48) reported symptomatic pain at 3-month follow-up in the 
MLT group, and the incidence of persistent pain after breast cancer procedure was 31% (19 out of 61) in the control 
group respectively (p = 0.839). Similarly, the incidence of symptomatic pain was not significantly (p = 0.67, Fisher’s 
exact testing) attenuated after MLT treatment (31%, 15/48) compared with placebo (26%, 16/61) at 6-month follow-up.

To further evaluate the pain intensity, we applied SF-MPQ for the qualitative aspect of pain in three dimensions of 
pain experience. In general, total pain scores were significantly increased one month after breast surgery in both MLT (p 
= 0.002, two-way ANOVA with Bonferroni correction) and placebo group (p < 0.001, two-way ANOVA with Bonferroni 
correction). Likewise, both groups presented with enhanced pain scores at 3- and 6-month follow-up compared with 
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baseline. However, no statistical difference was found between groups at each interview point (Figure 2B). The change of 
Pain Rating Index (PRI) was consistent with total SF-MPQ scores at each timepoint of follow-up. In contrast, the 
alternation of VAS or Pain Intensity (PPI) index was not that significantly different after surgical intervention.

Effects of MLT Supplementation on Anxious, Depressive Symptoms, and Sleep 
Disorder in Breast Cancer Survivors
Despite sensory impairment, anxiety, depression and sleep disorder frequently coexist with chronic pain. To examine the 
therapeutic effect of MLT on affective dysfunction, a 7-item anxiety scale (GAD-7) was used to evaluate the anxiety 
symptoms, and PHQ-9 for depression respectively. Inconsistent with pain severity, the anxiety scale gradually decreased 
after breast tumor surgery, however, no significant changes were found between MLT and control group (Figure 3A). In 
shown in Figure 3B, we did not observe any improvement in depressive symptoms in either cohort. Both MLT and 
control group presented with slight but not statistical reduction of sleep quality, as demonstrated by the increasing trend 
of PSQI scoring (Figure 3C).

Oral Administration of MLT Did Not Attenuate Cognitive Function in Patients Who 
Underwent Breast Cancer Surgery
After 12-week treatment of MLT or placebo, participants were interviewed via telephone and the cognitive function was 
evaluated by the TICS. About 71% (34 out of 48) of participants accomplished the TICS testing, and 54 (88%) in the 
control group respectively. The average TICS scoring was 32 in general, and the cognitive conditions were almost the 
same between control and MLT-treated cohorts (Figure 3D).

Figure 1 Flow chart of participant screening and selection.
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Discussion
Patients with breast cancer commonly report persistent suffering from pain after surgical intervention, nevertheless, 
management of PMPS remains relatively less focused-on compared with postoperative anti-tumor treatment, such as 
chemo-, radio-, and hormone-therapy. Given its neuropathic features, we assumed that supplementation of magnesium 
may provide alternative pain relief via blockage of NMDARs, which is crucial in the development of sensory sensitiza-
tion. However, our latest data from this clinical trial did NOT support the therapeutic effect of MLT in patients who 
underwent breast cancer procedure, neither pain nor cognitive symptoms were significantly attenuated after magnesium 
administration for twelve weeks.

Consistent with principle of neuropathic pain therapy, a multimodal strategy should be considered in pain manage-
ment after breast cancer procedure, including non-pharmacological and pharmacological intervention.20 Physical reha-
bilitation is commonly recommended in breast cancer survivors at early postoperative phase,21 providing not only pain 
relief, but also improving shoulder motion, lymphedema, fatigue, physical functioning, anxiety, and sleep disorder.22 Oral 
medication may be required for those who need long-term control of symptoms, as one third of patients reported ongoing 
moderate to severe pain.17

It has been well-accepted that the first-line medical agents for neuropathic pain remain tricyclic antidepressants, 
selective serotonin-norepinephrine reuptake inhibitors, anti-epileptic, topical capsaicin and lidocaine patch.23 Despite the 
general consensus, only a few clinical trials have examined the indication of these anti-neuropathic medications for 
persistent pain after breast cancer procedure. To date, data from limited randomized studies have proven the role of 
amitriptyline, venlafaxine, and gabapentin in treating pain in breast cancer survivors.24–26 However, little evidence 
supports the prophylactic usage for PMPS. Actually, it is essentially needed to prevent the development of chronic pain 
after surgical intervention, rather than symptomatic control.

Recently, emerging evidence has indicated the potential benefits of NMDARs antagonists in reducing chronic post- 
surgical pain,27,28 and ketamine has been most evaluated. However, its clinical application remains limited due to the 
neuropsychiatric side effect and addictive concerns. Alternatively, the therapeutic function of magnesium in chronic pain 
has been recently noticed,12,29,30 and may serve as blockage of NMDARs to prevent the development PMPS. In this 

Table 1 Summary of general features of participants

Control Group,  
(n = 61)

MLT Group,  
(n = 48)

P value

Age (years) 45.6 ± 9.6 47.3 ± 8.4 0.319

Body mass index (kg/m2) 22.8 ± 3.0 23.6 ± 3.1 0.205

Co-morbidity (n, %) 8 (13.1) 9 (14.6) 0.439
Surgical site (n, %)

Left 36 (59.0) 24 (50)

Right 20 (32.8) 22 (45.8)
Bilateral 5 (8.2) 2 (4.2) 0.323

Preoperative Pain Scoring& 0.9 ± 1.5 1.1 ± 1.8 0.572
Preoperative Pain Condition$ (n, %) 10 (16.4) 10 (20.8) 0.552

Type of Procedure (n, %)

Mastectomy 56 (91.8) 39 (81.3)
Lumpectomy 5 (8.2) 9 (18.7) 0.149

Postoperative Chemotherapy Plan (n, %)

C+A, C+E, and C+T 17 (29) 13 (27)
C+A+T, and C+E+T 44 (61) 35 (73) 0.999

Postoperative Radiotherapy (n, %) 24 (39.3) 18 (37.5) 0.999

Postoperative Hormone-therapy (n, %) 40 (65.6) 31 (64.6) 0.999
Targeted Therapy (n, %) 20 (32.8) 13 (27.1) 0.538

Notes: &Preoperative pain scores were assessed by ranking average pain severity with a 10 cm visual analog 
scale (VAS), where 0 denotes total pain free and 10 worst pain imaginable; $patient had VAS ≥ 3/10 
preoperatively. 
Abbreviations: A, Anthracyclines; C, Cyclophosphamide; E, Epirubicin; T, Taxanes.
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study, we reported clinically relevant data about magnesium administration in prevention of persistent pain after breast 
cancer procedure. In addition, we compared MLT with placebo, a novel compound containing magnesium, which has 
been demonstrated to attenuate neuropathic pain-like behaviors in rodent model of chemotherapy, by restoring magne-
sium deficiency and normalization of tumor necrosis factor-α/nuclear factor-κB pathway.31 Moreover, cognitive 

Figure 2 Comparison of pain symptoms between MLT or placebo treatment. (A) Incidence of persistent pain (VAS ≥ 3/10) at 3- and 6-month follow-up after breast cancer 
procedure. (B) Pain severity assessed by the short form of the McGill Pain Questionnaire (SF-MPQ) at each timepoint. Two-way ANOVA with repeated measures and 
Bonferroni’s post-test.
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symptoms were partially attenuated after 8-week MLT treatment,13 which also commonly affects patients with chronic 
pain. Thus, another goal was to determine the effect of MLT on cognitive function after breast cancer surgery and 
adjuvant chemotherapy in this study, which significantly increases risk of cognitive impairment in breast cancer 
survivors.32

Against our expectation, we did not observe any significant reduction of chronic pain incidence after 12-week 
treatment of MLT (Figure 2). Similarly, pain scoring assessed by SF-MPQ was not improved in the magnesium-treated 
cohort at 3-, and 6-month follow-up. Despite distinct etiology, a parallel, two-arm randomized clinical trial conducted by 
Pickering et al33 demonstrated similar and negative data, that 4-week treatment of magnesium chloride (6x419 mg daily) 
did not significantly attenuate neuropathic pain compared with placebo. Another two trials tested the effect of magnesium 
on neuropathic pain with intravenous approach,34,35 however, only one achieved short-term relief from pain with limited 
sample size.34 Despite drug delivery method, other parameters may also influence the pharmacokinetics, such as dosage, 
administration interval, composition, and adjuvant analgesic agents may also contribute to the therapeutic effect.36,37 

Nevertheless, the optimal strategy of magnesium therapy for chronic pain remains to be further investigated.
In addition to neuropathic pain, magnesium treatment has been applied in different types of chronic pain manage-

ment. Recently, a systematic literature review summarized its validations well in chronic pain syndromes,12 and emerging 
usage in complex regional pain syndrome (CRPS), chronic low back pain, and headache disorder. Given that CRPS 

Figure 3 Therapeutic effect of MLT on emotional symptoms, sleep disorder and cognitive function. (A and B) Comparison of anxiety and depression symptoms between 
magnesium and placebo groups. (C) Sleep disorder was evaluated by the Pittsburgh Sleep Quality Index (PSQI), and the cognitive performance test was conducted with the 
Telephone Interview for Cognitive Status (TICS) at 6-month follow-up (D).
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shares common symptoms with PMPS due to its neuropathic pain phenotype, likely, our finding is consistent with 
previously reported negative data in CRPS-1 cases.38,39

Mood dysfunction, depression and anxiety are most commonly seen in chronic pain state, which may contribute to the 
exacerbation of pain perception in cancer survivors.40 In a population-based longitudinal study, the estimated prevalence 
of comorbid anxiety-depression was about 9%.41 In this study, we noticed a gradually attenuated trend of anxiety 
symptoms after cancer procedure, as demonstrated by the decreasing GAD-7 scoring (Figure 3A). This result was 
consistent with previous data that surgical treatment was a major relieving factor of anxiety.42 However, the anxiety 
symptoms were not significantly attenuated by magnesium treatment. In contrast, no changes were found in depressive 
symptoms, but sleep disorder was worsened in the breast cancer survivors. Thus, we assume that sleep disorder but not 
anxiety nor depression was more closely associated with pain experience in patients who underwent breast cancer 
procedure.

About 20–30% of survivors may develop cognitive impairment after breast surgery and adjuvant treatment.43 Given 
that adjuvant chemotherapy was applied routinely in this study, the risk factor of cognitive deficits may be greater in 
terms of attention, concentration, working memory, and executive function.44 The mean score of TICS was about 32.2, 
which was relatively low and close to the level of amnestic mild cognitive impairment.43 One limitation of this study was 
that we did not compare the cognitive condition with baseline, thus, we may not conclude that the cognitive dysfunction 
was induced by breast cancer therapy. Recent evidence suggests cognitive benefits of magnesium supplementation,45 

however, we did not find significant improvement of cognitive status after 12-week administration of MLT compared 
with control group. Indeed, we may consider magnesium supplementation as an essential mineral nutrient,46 rather than 
an independent agent providing pain relief. Thus, a multimodal pain control strategy, that combines distinct interacting 
drugs with or without other interventional therapy (ie, neuromodulation), is of great value in long-term management of 
neuropathic pain syndrome.

Conclusion
In this randomized, double-blind, placebo-controlled clinical trial, our data could not demonstrate the superior efficiency 
of MLT supplementation over placebo, in prevention of pain chronicity or attenuation of pain severity. Neither emotional, 
nor cognitive benefit was achieved after one 12-week magnesium treatment. Future study may focus on magnesium 
combined with other effective anti-neuropathic pain treatment.
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