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Glioblastoma (GBM) is one of the most common tumors of the central nervous system, which is the most lethal brain cancer. GBM 
treatment is based primarily on surgical resection, combined with radiotherapy and chemotherapy. Despite the positive treatment, 
progression free survival and overall survival were not significantly prolonged because GBM almost always recurs. We are always 
looking forward to some new and effective treatments. In recent years, a novel treatment method called tumor treating fields 
(TTFields) for cancer treatment has been proposed. TTFields devices were approved by the Food and Drug Administration (FDA) 
for adjuvant treatment of recurrent and newly diagnosed GBMs in 2011 and 2015, respectively. This became the first breakthrough 
treatment for GBM in the past 10 years after the FDA approved bevacizumab for patients with relapsed GBM in 2009. This paper 
summarized the research results of TTFields in recent years and elaborated the mechanism of action of TTFields on GBM, including 
cell and animal experimental research, clinical application and social benefits.
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CURRENT STATUS OF GLIOBLASTOMA (GBM) 
TREATMENT

Glioma originates from glial cells and is the most common 

intracranial tumor. At present, the World Health Organiza-

tion classifies gliomas into grades I to IV. Grades I and II were 

low-grade gliomas, and grade III and IV were high-grade glio-

mas5). GBM is defined as grade IV, which accounts for about 

half of primary brain malignant tumors, and has the charac-

teristics of high incidence, high recurrence rate, high mortali-

ty and low cure rate20). At present, the main treatment is the 

classical Stupp protocol, which is the largest surgical excision 

within the safe range. After operation, conventional fraction-

ated radiotherapy (60 Gy/30–33 F) concurrent with daily te-

mozolomide (TMZ) chemotherapy, plus adjuvant chemother-

apy for TMZ for 6–12 courses are also required11,25). There are 

also PCV programs : procarbazine, lomustine, vincristine, 8 

weeks for a course29). The drugs used in the treatment of glio-
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ma include carmustine, irinotecan, etoposide, cisplatin, car-

boplatin, cyclophosphamide and so on. Despite aggressive 

multimodal therapy, the prognosis of patients with GBM re-

mains poor. Based on the current treatment methods, the 

treatment effect of newly diagnosed GBM is still poor, and it is 

still very easy to recur after conventional surgery plus radio-

therapy and chemotherapy. Until now, there is not any unified 

standard treatment for recurrent high-grade glioma. There-

fore, Individualized treatment should be formulated accord-

ing to the location of the tumor, the physical condition of the 

patient, previous treatment methods and efficacy. So far, BEV 

or TMZ is recommended in combination with radiotherapy 

and/or a new treatment. So tumor treating fields (TTFields) it 

came into being.

WORKING PRINCIPLE OF TTFIELDS

The electric field is divided into (DC) electrical field and al-

ternating current (AC) electric field. AC has been proved to 

have a wide range of biological effects and has been applied in 

medical fields such as scientific research, disease diagnosis 

and treatment. AC electric field with different frequencies and 

intensities has different biological effects. DC or low-frequen-

cy AC electric fields promote bone growth and fracture heal-

ing through membrane depolarization3); high-frequency AC 

electric fields cause electrolyte polarization and produce ther-

mal effects on tissues eventually, which have been applied in 

diathermy or ablation technology28). In the past, the frequency 

of electric field alternation at the intermediate frequency (10–

1000 kHz) was too fast to induce cells1). In an important 

breakthrough paper, Kirson et al.16) reported that an AC field 

with a low intensity (1–3 V/cm) intermediate frequency (100–

300 kHz) significantly inhibited the growth rate of various 

mammalian tumor cells, which is called TTFeilds. This is a 

wearable device called Optune, and the first-generation Op-

tune system (known as the NovoTTF-100-A system, CE Mark 

2007) consists of two main components : an electric field gen-

erator and an array of insulated transducers (Fig. 1). TTFeilds 

exerts a role in inhibiting tumor growth by applying an insu-

lating electrode to the human body. Current studies have 

shown that electric field therapy has the advantages of safety, 

less adverse reactions. It is recommended for the treatment of 

newly diagnosed GBM and recurrent GBM24,26).

BIOLOGICAL RESPONSE OF TTFIELDS TO CELLS

The cells contain charged particles (such as proteins and 

DNA), including unipolarity charged polar particles and dou-

ble-charged dipoles, which are subject to Coulomb forces in 

the electric field. In the uneven AC electric field, the alternat-

ing Coulomb force magnitude or direction of all charged par-

ticles is different, and the Coulomb force’s clearance effect is 

Fig. 1. A : TTFields devices. B : A patient wearing TTFields devices. TTFields : treatment method called tumor treating fields.
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not zero, then the charged particles will be under the action of 

the electric field force.

The direction of high electric field density is called dielectric 

electrophoresis4,8). In non-dividing cells, the electric field 

formed by the addition of an alternating electric field in the 

cell is substantially uniform. Therefore, the electric field force 

of the charged particles in the alternating electric field (the 

frequency is high enough, such as TTFields) is zero, and no 

motion is generated. TTFields have little effect on normal rest-

ing cells and only work on dividing tumor cells15).

Tumor cell mitosis is impaired in two aspects : 1) when the 

tumor cell mitosis ends in the late stage, the electric field 

forms a uniform electric field in a single cell, and the charged 

microtubule is pulled by a uniform electric field, which can-

not form the normal spindle microtubule structure in the tu-

mor cells, and further lead to the subsequent abnormal divi-

sion finally. And 2) when the tumor cells enter the late stage of 

mitosis, two sub-sub-cells are gradually formed, and after the 

electric field is applied, an intracellular non-uniform alternat-

ing electric field is formed. At this time, under the guidance of 

the electric field, the charged substance in the cells concen-

trated to the cleavage furrow, which causes the cell membrane 

pressure to rise, eventually leading to cell blistering and rup-

ture (Fig. 2)9,16,27). In particular, cell division can be destroyed 

only when the long axis of the cell cleavage ditch is parallel to 

the direction of the electric field, and normal nerve cells are 

considered unaffected because of slow division. TTFields ar-

rest tumor cell mitosis for a long time in the interphase, pro-

long the mitotic cycle of tumor cells, and even cause cell frag-

mentation and inhibit tumor cell proliferation.

PROGRESS OF TTFIELDS ON CELL EXPERIMEN-
TAL RESEARCH

Cytological experiments of TTFields show that the interme-

diate frequency alternating electric field has an inhibitory ef-

fect on tumor cell proliferation, and its inhibition is related to 

the time, frequency, intensity, direction and cell type16). In ad-

dition, the sensitivity of different cells to electric field intensity 

is different, the optimal inhibition breast cancer cells) is 150 

kHz, F-98 cells (rat glioma cells) and U-118, U-87 (human gli-

oma cells) is 200 kHz. Based on this, the main frequency of 

the subsequent application of electric field therapy equipment 

to glioma treatment was established15). TTFields induced au-

tophagy by blocking the Akt2/miR29b axis in GBM cells14). 

TTFields are also capable of impeding the migration and in-

vasion of glioma cells12,22). Furthermore, sorafenib significantly 

improved the therapeutic efficiency of TTFields by inhibiting 

tumor cell survival, apoptosis, cell cycle regulation, autopha-

gy, inhibiting tumor cell invasion and angiogenesis13). So far, 

sensitive parameters of various cell lines have been found, for 

example, A2780 ovarian cancer is 200 kHz, lung cancer A549, 

pancreatic cancer AsPC-1, cervical cancer HeLa, mesothelio-

ma MSTO-211H, and breast cancer MCF-7 are 150 kHz7). The 

effect of TTFields is related to the direction of electric field 

and splitting axis. When the two directions are parallel, the 

effect is the greatest, and when the two directions are vertical, 

the effect is the worst. A study showed that the effect of alter-

nating two perpendicular electric fields was 20% higher than 

that of unidirectional electric fields on B16F1 cells and F98 

cells12,16).

PROGRESS OF TTFIELDS ON ANIMAL EXPERI-
MENTAL RESEARCH

In 2004, Kirson et al.16) described the role of TTFields medi-

ated by implanted electrode patches in animal models of mel-

Microtubule
disruption

Dipole
alignment

TTFields

Division

Abnormal

Fig. 2. The alteration of the mitotic spindle during mitosis by TTFields 
that results in death. TTFields : treatment method called tumor treating 
fields.
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anoma for the first time. After 3–6 days of treatment, the tu-

mors in the treatment group were dramatically smaller than 

those in the control group. Histopathological analysis of treat-

ed tumors showed a large number of apoptotic and necrotic 

tumor cells. However, no damage was detected in the sur-

rounding tissues. Later, a study demonstrated the effectiveness 

of TTFields mediated by external electrode patches in the 

treatment of intracranial GBM in rats15). Interestingly, it was 

found that 100 kHz medium frequency alternating electric 

field had no significant effect on the growth of tumors, while 

200 kHz TTFields caused significant inhibition on the growth 

of tumors15). After 6 days of treatment, with an ideal frequency 

of 200 kHz, the maximum diameter of tumors of the treat-

ment group was nearly half that of the control group. Unidi-

rectional TTFields had little effect, which did not reach the 

statistical significance. However, increasing the number of 

TTFields directions caused statistically significant inhibition 

of tumor growth, reaching 42.6% and 53.4% for two and three 

directions positioned at 45–90° to each other, respectively. In 

addition, after being applied to healthy animals for one 

month, no treatment-related side effects and toxicity were ob-

served. A recent study found that xenografts treated with TT-

Fields progressed at a slower rate and the tumor volume was 

small by bearing subcutaneous human U87 tumors. In addi-

tion, in nude mice bearing xenografts of U373 GBM cells, 

combination therapy of sorafenib and TTFields significantly 

inhibited tumor growth and prolonged animal survival13).

PROGRESS OF TTFIELDS ON HUMAN GBM 
CLINICAL TRIAL 

Kirson et al.15) described the safety and efficacy of TTField 

(NovoTTF-100A device) treatment for 10 patients with recur-

rent GBM for the first time. TTFields with the optimal fre-

quency of 200 kHz and an intensity of 1–2 V/cm were em-

ployed in the trial. Patients were treated for an average of 18 

hours a day until disease progression or for a maximum of 18 

months. Progression free survival (PFS) and overall survival 

(OS) were 26.1 and 62.2 weeks respectively, which were almost 

twice as much as the control group. Some side effects some-

times occurred during the treatment, and the most common 

adverse event was contact dermatitis caused by the electrode 

gel in nine patients, which could be well treated with steroid 

cream. In addition, Salzberg et al.21) used an electric field of 

100–200 kHz to treat several other cancer patients and meta-

static patients, which ultimately showed potential efficacy.

From 2006 to 2009, in a phase III clinical trial, 237 patients 

with recurrent GBM from multi-centre were randomly DC 

TTFields monotherapy (120 patients) and optimal chemother-

apy group (117 patients) according to the ratio of 1 : 126). This 

is the first randomized controlled trial to evaluate a novel 

treatment modality for recurrent GBM, transfer electric field 

and chemotherapy. This is the first randomized controlled tri-

al evaluating an entirely novel cancer treatment modality de-

livering electric fields. The OS was 6.6 months and 6.0 months 

(hazard ratio [HR], 0.86; p=0.27), the 1-year survival rate was 

the same 20% and 20%, and the median PFS was 2.2 months 

and 2.1 months (p=0.16), 6-month PFS rate was 21.4% and 

15.1% (p=0.13), and imaging efficiencies were 14% and 9.6% 

(p=0.19), respectively in TTFields and control patients. How-

ever, O6-methylguanine-DNA methyltransferase (MGMT) 

gene, an important predictive factor for the efficacy of TMZ 

in the treatment of GBM, was not evaluated in this study.

Light-moderate contact dermatitis occurs in 16% of patients 

treated with TTFields, and only 3% showed severe events. Al-

though the trial failed to show a significant improvement in 

survival rate, it can dramatically improve the quality of life 

and become a treatment highlight. Given this, the first-gener-

ation TTFields device, known at the time as the NovoTTF-

100A System (renamed Optune), was approved by FDA for 

treatment of recurrent GBM in 2011.

Subsequently, there was an experimental adjuvant treat-

ment with NovoTTF-100A, celecoxib and BEV illustrating the 

possibility of improving survival with end-stage recurrent 

GBM30).

Another retrospective study showed that the OS and PFS of 

18 GBM patients receiving TMZ, BEV, and irinotecan in com-

bination with TTFields were 18.9 and 10.7 months, respective-

ly18). It can be seen that the treatment plan has great potential 

for GBM patients. Hypertension (38.9%) were the most com-

mon side effects without unexpected severe toxicities in this 

study18).

In newly diagnosed GBM patients, TTFields combined with 

TMZ had a PFS of 155 weeks and OS of over 39 months, 

whereas the control group received maintenance TMZ alone 

only had PFS and OS of 31 weeks and 14.7 months, respective-

ly17). In a phase III clinical trial, 695 patients with newly diag-



  TTFields in Glioblastoma | Zhang C, et al.

685J Korean Neurosurg Soc 63 (6) : 681-688

nosed GBM who had completed standard surgery and con-

current chemoradiotherapy were randomized 2 : 1 to the 

TTFields plus TMZ treatment group and the TMZ treatment 

group alone. The median OS of the former group and the lat-

ter were 20.9 months and 16.0 months (HR, 0.63; p<0.01), re-

spectively, while the median PFS was 6.7 months and 4.0 

months (HR, 0.63; p<0.01)24). It can be seen that the use of TT-

Fields combined with TMZ can significantly prolong OS and 

PFS in patients who have completed concurrent chemoradio-

therapy. Then the secondary analysis of this trail also consis-

tent with the previous interim analysis, but MGMT promoter 

methylation was more prevalent in the control group23).

According to a recent meta analysis19), the median OS was 

increased in patients treated with TTFields with recurrent 

GBM (weighted mean difference [WMD], 2.55; p<0.00001) 

and newly diagnosed GBM (WMD, 7.48; p<0.00001). In addi-

tion, patients who received the TTField modality presented 

increased OS, survival at after 1 and 2 years, PFS, along with 

PFS at 6 months. Subgroup analysis indicates patients older 

than 65 years and those with MGMT promoter methylation 

tumors (regardless of age) have a greater increase in OS.

We searched the ClinicalTrials.gov website and found that 

there are still 10 ongoing clinical studies on TTFields treat-

ment of GBM (Table 1).

SIDE EFFECTS AND VALUE OF TTFIELDS 
TREATMENT

Compared with conventional chemotherapy, in the TT-

Fields group, the frequency and intensity of adverse reactions 

such as anorexia, diarrhea, constipation, nausea and vomiting, 

Table 1. Ongoing trials using TTFields for GBM as of August 2019

NCT Number Condition Intervention Characteristic Outcome measure Population Date

NCT02743078 Recurrent GBM Bevacizumab
TTFields

Phase 2 OS6, OS, PFS, ORR, AE 3 April 12, 2017 to  
August 2020

NCT02663271 Recurrent GBM Bevacizumab
Optune

Phase 2 PFS, AE, KPS 18 August 2016 to  
March 2020

NCT02903069 Newly diagnosed GBM MRZ
TMZ
RT
Optune

Phase 1 OS, PFS, AE 73 February 10, 2016 to 
August 31, 2019

NCT03405792 Newly diagnosed GBM TMZ
Optune
Pembrolizumab

Phase 2 OS, PFS, AE 29 February 23, 2018 to 
February 2023

NCT03223103 Newly diagnosed GBM Poly-ICLC
TTFields
Peptides

Phase 1 PFS, OS, ORR 20 March 1, 2018 to  
May 22, 2021

NCT03705351 Newly diagnosed GBM TTFields
TMZ
RT

Phase 1 PFS6, PFS24, ORR, AE 30 April 1, 2019 to  
April 1, 2025

NCT02893137 Recurrent GBM Optune
Craniectomy

Phase 1 PFS, PFS6, OS, AE, ORR 15 October 2016 to 
October 2019

NCT03687034 GBM TMZ
Optune

Phase 1 AE, PFS 21 June 2019 to  
September 2019

NCT01894061 Recurrent GBM Bevacizumab
NovoTTF-l00A

Phase 2 PFS, ORR, OS, TTP,  
NCF, QOL

40 June 12, 2013 to 
December 2019

NCT02343549 Newly diagnosed GBM Bevacizumab, 
NovoTTF-100A, TMZ

Phase 2 PFS12 46 January 2015 to  
June 2021

TTFields : treatment method called tumor treating fields, GBM : glioblastoma, OS6 : overall survival at 6 months, OS : overall survival, PFS : progression 
free survival, ORR : objective response rate, AE : adverse event, KPS : Karnofsky Performance scale, MRZ : marizomib, TMZ : temozolomide, RT : 
radiotherapy, ICLC : lysine carboxymethylcellulose, ORR : objective response rate, PFS6 : progression free survival at 6 months, PFS24 : progression free 
survival at 24 months, TTP : time-to-progression, NCF : neurocognitive function, QOL : quality of life, PFS12 : progression free survival at 12 months
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pain and fatigue were significantly reduced13,14). The patient 

had milder blood system damage, lower gastrointestinal reac-

tions, and no increased incidence of epilepsy. In summary, the 

most common adverse reaction of TTFields treatment is skin 

side effects caused by prolonged contact between the electrode 

sheet and the skin, including irritant contact dermatitis, aller-

gic dermatitis, ulcers, skin infections or pustules, which is also 

the main reason for the decrease of patient compliance. There-

fore, strengthening prevention, symptomatic treatment and 

reducing the incidence are the top priorities. Fortunately, ad-

verse skin reactions can be prevented by appropriate measures. 

Preventive measures include health education for patients and 

caregivers, proper skin preparation, infection prevention, 

avoidance of contact with scar areas, and proper placement of 

electrodes. Therapeutic measures mainly include drug treat-

ment and suspension of TTFields treatment. Drug treatment 

mainly includes the application of topical glucocorticoids and 

the application of topical antibiotics. If local symptoms of der-

matitis occur, local application of glucocorticoids is recom-

mended, when the epithelial barrier is destroyed (smashed) or 

the appearance of infection has been found, antibiotics are 

recommended. The choice of antibiotics depends on the type 

of scalp bacteria, and mupirocin ointment and polymyxin B 

ointment are often used. For refractory severe skin reactions, 

it is recommended to suspend TTFields for 2–7 days. This 

showed that all skin reactions are reversible.

TTFields undoubtedly prolonged survival, the researchers 

also evaluated the quality of life of patients. There was no sig-

nificant difference in overall health and social ability between 

the TTFields group and the TMZ group, but in terms of cog-

nition, etiquette, and affective function, the former group was 

significantly better than the latter.

TTFIELDS EQUIPMENT AND SOCIAL BENEFITS

The first-generation Optune system, the NovoTTF-100-A 

system, and the second-generation Optune system, the Novo-

TTF-200-A system, weigh approximately 2.7 kg and 1.2 kg, re-

spectively. Therefore, the second-generation of devices is ex-

pected to be more user-friendly, in terms of convenience, 

compliance, and manageability in treating TTFields patients 

with GBM6). Importantly, compliance (average monthly use) 

is also closely related to better clinical outcomes. But things 

are not as simple as we think. Before wearing the device, pa-

tients must shave their heads to attach scalp electrodes. The 

caregiver should teach the patient to operate the device inde-

pendently, but compliance decreases outside the hospital, 

making it hard to guarantee that patients carry batteries for 

more than 18 hours a day.

There are other problems. Older or weaker patients may 

find it more difficult to wear and transport the device. In fact, 

the price of Optune is not affordable for all patients. For ex-

ample, in the United States, the price of treatment without 

commercial insurance is $21000/person/month, $150368/per-

son/year of life, $198032/person/quality adjusted life year2,10). A 

study evaluated the cost-effectiveness of TTFields and TMZ 

for newly diagnosed GBM from the perspective of the US 

healthcare system10). Treatment with TTFields and TMZ was 

expected to give rise to a mean increase in survival of 1.25 life 

years and 0.96 quality-adjusted life years (QALYs) compared 

to treatment with TMZ alone. The incremental total cost was 

$188637 and the incremental cost-effectiveness ratio was 

$150452 per life year gained and $197336 per QALY gained. 

The model was most sensitive to changes in the cost of TT-

Fields treatment. Therefore, TTFields treatment can be seen as 

cost-effective within the reported range of willingness-to-pay 

thresholds in the USA.

CONCLUSION

TTFields is a therapeutic method that exerts anti-tumor ef-

fect by inhibiting the mitosis of tumor cells. It plays an impor-

tant role in autophagy, apoptosis, cell proliferation, angiogen-

esis and migration of glioma cells. Many studies have shown 

that TTFields is safe and effective for the treatment of newly 

diagnosed GBM and high-grade recurrent glioma including 

GBM. It may have many mild to moderate side effects, but 

they are reversible. In addition, it costs a lot, but at the same 

time, the benefits are worthwhile. There are still about ten 

clinical trials under way. We believe that more and more large-

scale TTFields alone or in combination with other treatments 

can provide the best treatment for glioma patients to maxi-

mize patient outcomes and the incidence of adverse reactions, 

and bring more benefits to glioma patients. which is the direc-

tion of our efforts.
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