
• TTFields employ electrical fields at a frequency of 
100—500 kHz.1,2

• They enter cancer cells and disrupt processes critical to cell 
viability, primarily mitosis, with minimal stimulation or heating of 
the surrounding tissue.1,2

• TTFields therapy targets cancer cells, while sparing healthy cells 
and tissue.
◦ TTFields spare healthy cells because these have different 

properties from cancer cells, including division rate, 
morphology, and electrical properties.1,3,4 

◦ TTFields induce an anti-mitotic effect, to which rapidly-dividing 
cancer cells are particularly susceptible compared with 
quiescent cells.2

• Across solid tumour types, TTFields have been studied with: 

Experiments in mouse models showed that, compared with monotherapy, TTFields 
with checkpoint inhibitors (specifically anti-PD-1, anti-PD-L1, and anti-CTLA-4 
antibodies) led to:
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The Downstream Immune Effects of TTFields Therapy

TTFields Mechanism of Action

TTFields Preclinical Science

Key Takeaways
• Disruption of mitosis is a core mechanism underlying the effects 

of TTFields therapy on cancer cells. 

• Downstream effects include immunogenic cell death, which in 
turn triggers an anti-tumour immune response.

• The electrical fields applied during TTFields therapy exert electrical forces on 
polar cellular components involved in mitosis, including tubulin and septin, 
leading to disruption of mitosis in all phases:

•  Disruption of mitosis by TTFields commonly leads to abnormal daughter 
cells, which experience increased ER stress and autophagy.10,11,16,18
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In metaphase, TTFields 
impair microtubule 

assembly, leading to 
aberrant mitotic spindle 

formation.2,16 

In anaphase, TTFields 
disrupt arrangement of 
septin at the cleavage 

furrow, leading to mitotic 
failure and asymmetric 

chromosome segregation.17 

In telophase, TTFields induce 
dielectrophoresis of polar 

organelles and macromolecules, 
leading to disruption of 

cytokinesis.2 

Adapted from Shteingauz A et al. 2018.18
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• Stressed cells undergo 
immunogenic cell 
death, triggering a 
systemic anti-tumour 
immune response.10,11,19



1. Karanam NK, Story MD. An overview of potential novel mechanisms of action underlying 
tumor treating fields-induced cancer cell death and their clinical implications. Int J Radiat 
Biol. 2021;97(8):1044-54.

2. Kirson ED et al. Disruption of cancer cell replication by alternating electric fields. Cancer 
Res. 2004;64(9):3288-95.

3. Al Ahmad M et al. Electrical characterization of normal and cancer cells. IEEE Access. 
2018;6:25979-86.

4. Runel G et al. Biomechanical properties of cancer cells. Cells. 2021;10(4):887.
5. Giladi M et al. Mitotic disruption and reduced clonogenicity of pancreatic cancer cells in 

vitro and in vivo by tumor treating fields. Pancreatology. 2014;14(1):54-63.
6. Giladi M et al. Alternating electric fields (tumor-treating fields therapy) can improve 

chemotherapy treatment efficacy in non-small cell lung cancer both in vitro and in vivo. 
Semin Oncol. 2014;41(Suppl 6):S35-41.

7. Voloshin T et al. Alternating electric fields (TTFields) in combination with paclitaxel are 
therapeutically effective against ovarian cancer cells in vitro and in vivo. Int J Cancer. 
2016;139(12):2850-8.

8. Fishman H et al. Tumor Treating Fields (TTFields) increase the effectiveness of 
temozolomide and lomustine in glioblastoma cell lines. J Neurooncol. 2023;163(1):83-94.

9. Mumblat H et al. Tumor Treating Fields (TTFields) downregulate the Fanconi 
Anemia-BRCA pathway and increase the efficacy of chemotherapy in malignant pleural 
mesothelioma preclinical models. Lung Cancer. 2021 Oct;160:99-110.

10.  Voloshin T et al. Tumor Treating Fields (TTFields) induce immunogenic cell death 
resulting in enhanced antitumor efficacy when combined with anti-PD-1 therapy. Cancer 
Immunol Immunother. 2020;69(7):1191-204.

11. Barsheshet Y et al. Tumor Treating Fields (TTFields) concomitant with immune checkpoint 
inhibitors are therapeutically effective in non-small cell lung cancer (NSCLC) in vivo model. 
Int J Mol Sci. 2022;23(22):14073.

12. Giladi M et al. Tumor treating fields (TTFields) delay DNA damage repair following 
radiation treatment of glioma cells. Radiat Oncol. 2017;12(1):206.

13. Karanam NK et al. Tumor-treating fields elicit a conditional vulnerability to ionizing 
radiation via the downregulation of BRCA1 signaling and reduced DNA double-strand 
break repair capacity in non-small cell lung cancer cell lines. Cell Death Dis. 
2017;8(3):e2711.

14. Kim EH et al. Biological effect of an alternating electric field on cell proliferation and 
synergistic antimitotic effect in combination with ionizing radiation. Oncotarget. 
2016;7(38):62267-79.

15. Davidi S et al. Tumor treating fields (TTFields) concomitant with sorafenib inhibit 
hepatocellular carcinoma in vitro and in vivo. Cancers (Basel). 2022;14(12):2959.

16. Giladi M et al. Mitotic spindle disruption by alternating electric fields leads to improper 
chromosome segregation and mitotic catastrophe in cancer cells. Sci Rep. 2015;5:18046.

17. Gera N et al. Tumor Treating Fields perturb the localization of septins and cause aberrant 
mitotic exit. PLoS One. 2015;10(5):e0125269.

18. Shteingauz A et al. AMPK-dependent autophagy upregulation serves as a survival 
mechanism in response to tumor treating fields (TTFields). Cell Death Dis. 
2018;9(11):1074.

19. Chen D et al. Tumor Treating Fields dually activate STING and AIM2 inflammasomes to 
induce adjuvant immunity in glioblastoma. J Clin Invest. 2022;132(8):e149258.

����������


