
469Copyright © 2021 The Korean Neurosurgical Society  

Letter to the Editor
J Korean Neurosurg Soc 64 (3) : 469-471, 2021
https://doi.org/10.3340/jkns.2020.0188 pISSN 2005-3711   eISSN 1598-7876

Tumor Treating Fields : Additional Mechanisms and  
Additional Applications

Ashwin Kumaria

Department of Neurosurgery, Queen’s Medical Centre, Nottingham, UK

To the Editor,

Glioblastoma (GBM) is the commonest malignant brain tu-

mor with an almost uniformly lethal outcome. Despite aggres-

sive surgical and adjuvant oncological intervention, median 

survival is around 12–15 months10,14). Although controversial, 

there is a trend favoring maximal safe resection in GBM sur-

gery2,4,5). Conventional oncological treatments include radio-

therapy and chemotherapy10), although it is important to appre-

ciate that there has been little improvement in the standard of 

care in patients with newly diagnosed GBM since the Stupp 

protocol was reported.

Tumor Treating Fields (TTFields) are low intensity, inter-

mediate frequency, alternating electric fields which have been 

shown to significantly increase progression-free survival and 

overall survival in patients with primary and recurrent 

GBM6,11-13). An interesting recent article reviews TTFields in 

GBM, focusing on the anti-mitotic and anti-microtubule ef-

fects22). Brief ly, TTFields arrest tumor cell mitosis in inter-

phase, prolong tumor mitotic cycles, and cause cell fragmen-

tation and inhibit tumor cell proliferation22). The authors are 

hereby congratulated on an excellent, well-balanced and au-

thoritative paper. The opinions and observations provided 

here are merely additional novel mechanisms by which TT-

Fields may contribute to an anti-glioma effect, beyond inhib-

iting mitosis. Accordingly, additional applications for TT-

Fields are suggested herein.

Neuronal activity-dependent glutamatergic neurotransmis-

sion has been shown to play an essential role in the propaga-

tion of glioma17,18,20). The concept of the “neurogliomal syn-

apse” has been put forth, whereby glutamate originating from 

neurons acts on postsynaptic glutamatergic receptors on glio-

ma cells to promote glioma growth and invasiveness16,19). 

Blocking this glutamatergic signaling through anti-epileptic 

and anesthetic agents demonstrated anti-glioma effects16). An 

external electrical field may interfere with glutamatergic sig-

naling – as has been demonstrated in patients with epilepsy1) – 

and this may be another mechanism by which TTFields may 

exert its anti-glioma effect. Furthermore, glutamatergic sig-

naling has been shown to promote metastasis of systemic tu-

mors to the brain21). A role for TTFields in treatment of brain 

metastases has previously been proposed3), and it will be inter-

esting to see if a TTFields-mediated anti-glutamate role con-

tributes here.

The cell of origin in GBM is thought to be endogenous neu-

ral stem cells residing in periventricular niches7-9). Electrical 

• Received : June 27, 2020   • Revised : July 21, 2020   • Accepted : August 20, 2020
•  Address for reprints : Ashwin Kumaria

Department of Neurosurgery, Queen’s Medical Centre, C-floor West Block, Derby Road, Nottingham NG7 2UH, UK
Tel : +44-1159249924, Fax : +44-1159249924, E-mail : Ashwin.Kumaria@doctors.org.uk, ORCID : https://orcid.org/0000-0002-8145-0374

 This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0)  
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

http://crossmark.crossref.org/dialog/?doi=10.3340/jkns.2020.0188&domain=pdf&date_stamp=2021-05-01


J Korean Neurosurg Soc 64 | May 2021

470 https://doi.org/10.3340/jkns.2020.0188

fields generated as a byproduct of deep brain stimulation have 

been shown to significantly inf luence the neural stem cell 

niche15), potentially evoking a less gliomagenic niche. It is pos-

sible that TTFields exert a similar influence to prevent neural 

stem cells from promoting or contributing to glioma growth.

A potential drawback with TTFields as they stand is that 

anti-tumor efficacy and patient survival correlates with dose, 

which is the duration patients must be wearing their device6,12). 

Furthermore, GBM is typically a deep tumor, frequently ex-

tending to the margin of the lateral ventricles. The electrical 

field must penetrate soft tissue, calvarium, meninges, gray and 

white matter before tumor is reached. Each aforementioned 

anatomical structure confers electrical resistance and the elec-

trical field would be dampened as a result. Two ideas emerge 

from this.  Firstly, children have thinner skulls and extracra-

nial soft tissue – TTFields may be more efficacious in this pa-

tient group owing to lesser impedance. However, supratento-

rial malignant gliomas are less frequent in children. Secondly, 

there is the possibility of retaining electrodes at the time of tu-

mor surgery for the purposes of delivering a more focused 

electrical field at the site of the tumor.  Therefore, there may 

be a role for surgical neuromodulation in GBM. Advances in 

electrical field therapy in GBM may be extrapolated to other 

tumors, including tumors outside of the central nervous sys-

tem.

In conclusion, additional mechanisms to explain the anti-

glioma effect of TTFields are presented here. Additional appli-

cations and indications are presented including a possible role 

for surgical neuromodulation. Further research is warranted.
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