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PERSPECTIVE

Blocking channels to metastasis: targeting 
sodium transport in breast cancer
William J. Brackenbury1,2* and Carlo Palmieri3,4 

Abstract 

The development of therapies that can suppress invasion and prevent metastasis, ‘anti-metastatic drugs’, is an impor-

tant area of unmet therapeutic need. The new results of a recent open-label, multicentre randomised trial published 

in J Clin Oncol showed a significant disease-free survival (DFS) benefit for breast cancer patients receiving presurgical, 

peritumoral injection of lidocaine, an amide local anaesthetic, which blocks voltage-gated sodium channels (VGSCs). 

VGSCs are expressed on electrically excitable cells, including neurons and cardiomyocytes, where they sustain rapid 

membrane depolarisation during action potential firing. As a result of this key biophysical function, VGSCs are impor-

tant drug targets for excitability-related disorders, including epilepsy, neuropathic pain, affective disorders and cardiac 

arrhythmia. A growing body of preclinical evidence highlights VGSCs as key protagonists in regulating altered sodium 

influx in breast cancer cells, thus driving invasion and metastasis. Furthermore, prescription of certain VGSC-inhibiting 

medications has been associated with reduced cancer incidence and improved survival in several observational stud-

ies. Thus, VGSC-inhibiting drugs already in clinical use may be ideal candidates for repurposing as possible anti-meta-

static therapies. While these results are promising, further work is required to establish whether other VGSC inhibitors 

may afford superior metastasis suppression. Finally, increasing preclinical evidence suggests that several other ion 

channels are also key drivers of cancer hallmarks; thus, there are undoubtedly further opportunities to harness ion 

transport inhibition that should also be explored.
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Main text

Metastasis is the leading cause of cancer deaths; however, 

currently there are no agents in clinical use that specifi-

cally target this critically important hallmark of cancer. 

The development of therapies that can suppress inva-

sion and prevent metastasis, ‘anti-metastatic drugs’, is 

an important area of unmet therapeutic need, and one 

which can have broad applicability across tumour types 

[1]. The new results of an open-label, multicentre ran-

domised trial published in J Clin Oncol showed a signifi-

cant disease-free survival (DFS) benefit for breast cancer 

patients receiving presurgical, peritumoral injection of 

lidocaine (HR 0.74; 95% CI 0.58–0.95; p = 0.017; n = 1583) 

[2]. Lidocaine is an amide local anaesthetic, which blocks 

voltage-gated sodium channels (VGSCs). VGSCs are 

transmembrane proteins which enable the passage of 

sodium ions in response to a change in voltage. They 

are expressed on electrically excitable cells, including 

neurons and cardiomyocytes, where they sustain rapid 

membrane depolarisation during action potential firing. 

As a result of this key biophysical function, VGSCs are 

important drug targets for excitability-related disorders, 
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including epilepsy (e.g. using carbamazepine, lamotrig-

ine, phenytoin, valproate), neuropathic pain (e.g. using 

lidocaine, carbamazepine), affective disorders (e.g. using 

tricyclic antidepressants) and cardiac arrhythmia (e.g. 

using flecainide, mexiletine, propafenone).

Transmembrane transport of sodium, which is elevated 

in malignant tumours, regulates acidosis, immune avoid-

ance, invasion and metastasis [3, 4]. Persistent sodium 

influx drives glycolytic proton production and export 

(which metastatic cancer cells rely on to acidify and enzy-

matically digest the extracellular matrix), thus promoting 

early invasion [5]. A growing body of preclinical evi-

dence highlights VGSCs as key protagonists in regulat-

ing this altered sodium influx in cancer cells, thus driving 

metastasis [5]. Moreover, VGSC inhibition in preclinical 

murine tumour models, using drugs including pheny-

toin, ranolazine and lidocaine, suppresses metastasis [3]. 

Given the wide array of well-tolerated VGSC-inhibiting 

drugs already in clinical use, such agents may therefore 

be ideal candidates for repurposing as possible anti-

metastatic therapies. The common mechanism of action 

of these VGSC inhibitors is through directly occluding 

the ion-conducting pore. Such drugs preferentially bind 

to VGSCs in the so-called open or inactivated states; 

these states predominate in aberrantly hyperexcitable 

cells during seizure and/or arrhythmogenic activity, thus 

providing the basis for the drugs’ selectivity, and spar-

ing electrical activity in normally functioning cells [6]. 

Importantly, VGSCs expressed on tumour cells also exist 

mainly in the open or inactivated states. These functional 

states permit persistent sodium influx and render tumour 

VGSCs highly susceptible to blockage by the same drugs 

[5].

Beyond the recent lidocaine study [2], there is some 

epidemiological data in support of targeting VGSCs in 

tumours. Although prescription of VGSC-inhibiting 

medications has been associated with reduced cancer 

incidence and recurrence in several observational stud-

ies, a recent cohort study in BMJ Open demonstrated 

that exposure to VGSC-inhibiting anticonvulsant 

medications is associated with shortened cancer-spe-

cific survival (HR 1.59, 95% CI 1.56–1.63, p < 0.001; 

n = 132,996) [7]. However, this negative association is 

likely due to confounding by indication because of epi-

lepsy diagnosis. Interestingly, the same study showed 

that prescription of VGSC-inhibiting antiarrhythmic 

drugs which are not indicated for epilepsy, includ-

ing the slow binding and persistent current blocking 

Vaughan Williams Class 1c and 1d agents, was associ-

ated with significantly improved survival (HR 0.75, 95% 

CI 0.64–0.88, p < 0.001 and HR 0.54, 95% CI 0.33–0.88, 

p = 0.01, respectively) [7]. These data therefore sup-

port the possibility that repurposing VGSC-inhibiting 

drugs as anti-cancer agents may result in therapeutic 

benefit by suppressing cellular migration and invasion 

and so preventing metastasis. This may be particularly 

important in the context of tumour resection, where 

surgery-induced inflammation and/or ’showering’ of 

the surgical site with cancer cells is associated with 

increased tumour dissemination [8].

While these results are promising, further work is 

required to establish whether other widely used, safer and 

orally available VGSC inhibitors such as the antianginal 

ranolazine, may afford superior metastasis suppression, 

e.g. if treatment were commenced before surgery and for 

a defined period after surgery. Given that micrometas-

tasis is likely have already occurred at diagnosis in many 

patients, systemic therapy may be more effective. In addi-

tion, potential limitations in the trial design should be 

addressed in future studies, e.g. patients receiving neoad-

juvant chemotherapy should be included, patients should 

be stratified by margin positivity status, and timing of 

the intervention before vs. after extirpation should be 

explored. Furthermore, additional mechanisms that may 

contribute to the DFS improvement caused by lidocaine, 

e.g. Src family kinase inhibition 9, should be investigated.

The field is currently limited by the lack of a known 

biomarker of response for patient selection, which ham-

pers development of preoperative window-of-opportu-

nity studies that could provide early evidence of clinical 

activity, assess timing of administration and/or compare 

inhibitor type. Future work should address possible suit-

able biomarkers of response to VGSC inhibition, e.g. 

ctDNA [10]. Given the current lack of an ideal bio-

marker, any study may need to mirror the adjuvant ADD-

ASPIRIN trial, which randomised patients with breast 

and colon cancer to placebo versus aspirin (ISRCTN: 

74358648), based on preclinical and epidemiological 

studies, with an endpoint of invasive disease-free survival 

[11]. Finally, given the increasing preclinical evidence 

demonstrating that various other ion channels are also 

key drivers of cancer hallmarks, including cell cycle pro-

gression, proliferation, angiogenesis and apoptosis resist-

ance [12], there are undoubtedly further opportunities 

to harness ion transport inhibition that should also be 

explored.

Author contributions

Both authors contributed equally to conceptualisation and writing.

Funding

WB acknowledges grant funding support from Cancer Research UK [Grant 

Reference: A25922] and the Medical Research Council [Grant Reference: MR/

X018067/1]. CP acknowledges support from The Liverpool Experimental 

Cancer Medicine Centre [Grant Reference: C18616/A25153], The Clatterbridge 

Cancer Charity, North West Cancer and Make 2nds Count. CP reports grant 

funding support from: Pfizer, Daiichi Sankyo, Exact Sciences, Gilead and 

Seagen. CP received honoraria for advisory boards from: Pfizer, Roche, Daiichi 



Page 3 of 3Brackenbury and Palmieri  Breast Cancer Research          (2023) 25:140  

•

 

fast, convenient online submission

 
•

  

thorough peer review by experienced researchers in your field

• 

 

rapid publication on acceptance

• 

 

support for research data, including large and complex data types

•

  

gold Open Access which fosters wider collaboration and increased citations 

 

maximum visibility for your research: over 100M website views per year •

  
At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research   ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Sankyo, Novartis, Exact Sciences, Gilead, Seagen and Eli Lilly. CP received sup-

port for travel and conferences from: Roche, Novartis and Gilead.

Availability of data and materials

Not applicable.

Declarations

Ethical approval and consent to participate

Not applicable.

Competing interests

The authors declare no competing interests beyond the funding detailed 

above. The funders had no role in the writing of the report, or in the decision 

to submit the paper for publication. The authors have not been paid to write 

this article by a pharmaceutical company or other agency.

Received: 15 September 2023   Accepted: 6 November 2023

References

 1. Anderson RL, Balasas T, Callaghan J, et al. A framework for the devel-

opment of effective anti-metastatic agents. Nat Rev Clin Oncol. 

2019;16:185–204.

 2. Badwe RA, Parmar V, Nair N, et al. Effect of peritumoral infiltration of local 

anesthetic before surgery on survival in early breast cancer. J Clin Oncol. 

2023;41:3318–28.

 3. Leslie TK, James AD, Zaccagna F, et al. Sodium homeostasis in the tumour 

microenvironment. Biochim Biophys Acta Rev Cancer. 2019;1872:188304.

 4. James AD, Leslie TK, Kaggie JD, et al. Sodium accumulation in breast 

cancer predicts malignancy and treatment response. Br J Cancer. 

2022;127:337–49.

 5. Leslie TK, Brackenbury WJ. Sodium channels and the ionic microenviron-

ment of breast tumours. J Physiol. 2023;601:1543–53.

 6. Mantegazza M, Curia G, Biagini G, Ragsdale DS, Avoli M. Voltage-gated 

sodium channels as therapeutic targets in epilepsy and other neurologi-

cal disorders. Lancet Neurol. 2010;9:413–24.

 7. Fairhurst C, Martin F, Watt I, Bland M, Doran T, Brackenbury WJ. Sodium 

channel-inhibiting drugs and cancer-specific survival: a population-based 

study of electronic primary care data. BMJ Open. 2023;13:e064376.

 8. Hiller JG, Perry NJ, Poulogiannis G, Riedel B, Sloan EK. Perioperative 

events influence cancer recurrence risk after surgery. Nat Rev Clin Oncol. 

2018;15:205–18.

 9. Zhang C, Xie C, Lu Y. Local anesthetic lidocaine and cancer: insight into 

tumor progression and recurrence. Front Oncol. 2021;11:669746.

 10. Darrigues L, Pierga J-Y, Bernard-Tessier A, et al. Circulating tumor DNA 

as a dynamic biomarker of response to palbociclib and fulvestrant in 

metastatic breast cancer patients. Breast Cancer Res. 2021;23:31.

 11. Coyle C, Cafferty FH, Rowley S, et al. ADD-ASPIRIN: A phase III, double-

blind, placebo controlled, randomised trial assessing the effects of aspirin 

on disease recurrence and survival after primary therapy in common 

non-metastatic solid tumours. Contemp Clin Trials. 2016;51:56–64.

 12. Prevarskaya N, Skryma R, Shuba Y. Ion channels and the hallmarks of 

cancer. Trends Mol Med. 2010;16:107–21.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-

lished maps and institutional affiliations.


	Blocking channels to metastasis: targeting sodium transport in breast cancer
	Abstract 
	Main text
	References


