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Abbreviations: TTFields, tumor treating fields; FDA, food and 
drug administration; PFI, platinum free interval; GBM, glioblastoma; 
NSCLC, non–small cell lung cancer; GBM, glioblastoma multiforme; 
PFS, progression free survival; OS, overall survival; RECIST, 
response evaluation criteria in solid tumors

Introduction
Worldwide, ovarian cancer is the second most common type and 

the leading cause of death amongst gynecologic malignancies.3 Due 
to lack of symptoms in early stages of disease and no standardized 
screening tests, the majority of the cases are diagnosed in advanced 
Stage III or Stage IV.4 Standard fist-line treatment involves surgical 
debulking, radiation and combination chemotherapy with platinum 
and taxane agents.3 Platinum works by forming crosslinks between 
purine bases of DNA which in turn disrupt DNA repair and cause DNA 
damage, ultimately leading to apoptosis of cancer cells.5 In addition 
to bone marrow suppression and gastrointestinal disturbances, 
side effects of platinum include ototoxicity, renal dysfunction, and 
peripheral neuropathy. Taxanes on the other hand, target microtubules 
to arrest cell division in the G2 or M phase. They exert cytostatic 
effects by disrupting spindle microtubule dynamics and are known 
for neurotoxicity.

A significant portion of patients that undergo primary treatment 
achieve complete remission; however, disease recurrence occurs 
in up to 80% of patients. The prognosis of patients with platinum 
resistant ovarian cancer is even worse, with a 5-year survival rate 
of approximately 27.4% in patients with metastatic disease.6 The 
management of recurrent disease, all of which eventually displays 
platinum resistance, is dependent upon the time elapsed between 
completion of platinum-based chemotherapy and recurrence, referred 
to as platinum free interval (PFI). PFI was defined during the 2010 
Ovarian Cancer Consensus Conference as the interval between the 

date of last treatment of platinum therapy and the date of relapse 
detection.7

Patients with PFI of less than one month are considered platinum 
refractory, while patients with PFI of one to six months are considered 
platinum resistant. Despite remarkable progress in the management 
of epithelial ovarian cancer, the treatment of patients with platinum 
refractory and resistant disease remains a challenge. Typically, 
treatment of these patients involves weekly paclitaxel administration, 
as a single agent or in combination with bevacizumab.8,9 For patients 
who previously had disease progression on paclitaxel or are not proper 
candidates for paclitaxel therapy, pegylated liposomal doxorubicin 
remains a treatment option; however, response rates are below 20%.10 
Alternative treatment options such as topotecan and gemcitabine also 
associated with overall low response rates.11,12

Hence, the limited improvement of overall survival rates by 
various combinations of chemotherapy calls for new strategies and 
treatment modalities.

Recently, there has been rising interest in treatment of patients 
with recurrent epithelial ovarian, fallopian tube, or primary peritoneal 
cancer with TTFields as an additive therapy to standard surgical 
and chemoradiative interventions to provide synergistic antitumoral 
effects.

Physics and cell biology processes utilized 
by Tumor Treating Fields on disruption of 
mitotic tumor cells

The development of Tumor treating fields (TTFields) by Dr. 
Yorum Palti at the Rappaport Institute in Israel is based on the 
well-established physical properties of dipole alignment and 
dielectrophoresis. TTFields therapy is a non-invasive procedure 
targeted towards treatment of solid tumors.
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Abstract

Ovarian cancer is a leading cause of morbidity and mortality amongst gynecologic 
malignancies. Due to the lack of screening tests and early detection, most cases of ovarian 
cancer are diagnosed in advanced stages. Treatment of patients includes multidisciplinary 
approaches that include surgical debulking and chemoradiation therapy. Recently, 
there have been emerging clinical trials that are investigating the use of Tumor treating 
fields (TTFields) in the treatment of patients with ovarian cancer. Tumor treating fields 
(TTFields) are a novel, non-invasive cancer treatment modality targeted towards inhibition 
of solid tumor growth.1,2 The use of TTFields was initially approved by the US Food and 
Drug Administration (FDA) for treatment of recurrent glioblastoma multiforme. In this 
article, we will be providing an overview of TTFields, including its mechanism of action, 
burgeoning application in the management of solid tumors, and promising potential in the 
treatment of patients with platinum resistant ovarian cancer.
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The biophysics behind TTFields is based on the concept that living 
cells are made of charged molecules and ions, which therefore respond 
to electrical fields and currents. This concept also applies to many 
key biological processes including cell division. The effect depends 
on the magnitude of the electrical potential difference between the 
two electrodes (field intensity) and the frequency. At very low 
frequencies (<1kHz), excitable cells such as neurons or myocytes will 
be depolarized.13 At very high frequencies (>MHz), heat is generated 
in the tissues due to dielectric loss. For instance, cardiac pacemakers 
and deep brain stimulators work in a low frequency range. High 
frequency range is used in radiofrequency ablations or diathermy 
treatments.13 Intermediate alternating frequencies of electrical fields 
(range, 10–1000kHz) is too fast to induce cell depolarization and too 
slow to generate any significant heat. Instead, intermediate electrical 
field frequencies have been noted to influence biological tissues 
by microscopic particle alignment, cell rotation, and transient pore 
formation in cell membranes.14

Tumor treating fields (TTFields) are alternating, low-intensity, 
intermediate frequency electric fields that disrupt cell division and 
inhibit tumor growth via apoptosis. TTFields and paclitaxel have 
a similar mechanism of action in that they target tubulin and are 
regarded as anti-spindle therapy.15 In addition, TTFields seem to 
perturb cells at the transition from metaphase to anaphase and cells 
exposed to the TTFields during mitosis exhibited membrane blebbing 
and progress to apoptosis coinciding with metaphase exit, similar to 
paclitaxel.16 TTFields also may increase membrane permeability in 
glioblastoma cells.17

However, TTFields differ from paclitaxel in that they increase the 
amount of non-polymerized tubulin in cells. Initial in vitro research 
revealed that TTFields exerted a significant growth inhibitory effect 
on a variety of quickly dividing tumor cell lines by causing cell cycle 
arrest and apoptosis without affecting non-dividing cells.18 These 
results were later confirmed in rabbit and mice tumor models.19 Further 
studies demonstrated that interference on the mitotic spindle apparatus 
is key to the growth inhibitory effect.13 TTFields target proteins with 
large dipole moments such as the spindle microtubules which play 
a crucial role in the metaphase and anaphase stages of mitosis for 
separation and equal distribution of chromosomes.14 By inhibiting 
the polymerization of microtubules, the mitotic spindle apparatus 
cannot properly assemble. In telophase, the dielectrophoretic forces 
induced by the electric fields compromise normal cytokinesis.18 The 
disruption of the normal cell division process, thereby hindering cell 
proliferation, is the foundation by which TTFields exert antitumoral 
effects.20

Animal models of tumors such as glioblastoma (GBM), non–small 
cell lung cancer (NSCLC), melanoma, and pancreatic cancer showed 
that application of TTFields at the appropriate frequencies, inhibited 
tumor growth and metastatic spread.13 Rat models inoculated with 
GBM cells were treated with TTFields and showed a decreased size 
of tumors compared with untreated rats.21 A synergistic effect was 
seen TTFields were used along with chemotherapy agents such as 
paclitaxel, doxorubicin and cyclophosphamide.21 There has been some 
speculation that TTFields may also impact immune system response 
to tumors. There is some preliminary in vitro evidence to support this 
notion by suggesting macrophage activation by TTFields.22

In summary, TTFields disrupt the mitotic cell cycle during 
metaphase, anaphase, and telophase. These results in cell cycle arrest 
or delay in cell division and interfere with the assembly of the spindle 

apparatus resulting in unequal chromosome distribution. The cells 
cannot divide and die in apoptosis. For the best treatment effect, the 
electric field intensity and frequency is adapted to the tumor type and 
cell size. To maximize the beneficial antitumor effect, the frequency 
used is inversely correlated with cell size.19 Prolonged exposure 
to the electrical fields is required for maximal effect because cell 
division may take place anytime. In fact, there is clinical evidence 
that both density and treatment compliance may impact the response 
to TTFields.23,24 TTFields were initially studied in clinical trials of 
patients with Glioblastoma Multiforme (GBM). Currently, TTField 
use has been approved by US FDA for treatment of GBM and 
mesothelioma.25

In patients treated with maintenance temozolomide concurrent 
TTField use increased the overall 5-year survival rate from 5% to 
13%, without any evidence of systemic toxicity.26 The large EF-11 
phase III multicenter clinic trial compared overall survival in patients 
with recurrent glioblastoma undergoing TTFields treatment alone 
versus standard chemotherapy.27 Median survival rates amongst the 
two groups were comparable (6.6 months in patients treated with 
TTFields vs 6.0 months in patients treated with chemotherapy), 
and 1 year survival rate was 20% amongst both groups. Progression 
free survival rate at 6 months at was 21.4% in patients treated with 
TTFields vs 15% in the standard chemotherapy group27 In clinical use 
for patients with GBM, the delivery of TTFields is achieved with a 
portable and battery-powered device. The electric field is delivered 
to the brain via four transducer arrays with insulated electrodes and 
continuous temperature sensing fixed to the patient’s shaved scalp. 
Therapy delivers continuous, low intensity (1-3V/cm), intermediate 
frequency (200kHZ), alternating electric fields to the tumor region.1,2 
The electric fields produced via the paired transducer arrays applied 
directly on the skin surface, interfere with the mitotic process of 
cancerous cells by inhibiting the normal polymerization process of the 
mitotic spindle during metaphase leading to mitotic arrest and cancer 
cell death.13

Currently, there are several ongoing phase 3 clinical trials 
investigating TTField use in patients with non-small cell lung cancer, 
pancreatic cancer, brain metastasis secondary to non-small cell lung 
cancer and ovarian cancer.28

Future implications of TTFields use in the 
treatment of patients with platinum resistant 
ovarian cancer

Current guidelines for chemotherapy treatment of both optimally 
as well as sub-optimally debulked ovarian cancer patients involve 
combination of a platinum agent (cisplatin or carboplatin) and 
paclitaxel.29 Additionally, weekly paclitaxel administration, as a 
single agent or in combination with bevacizumab8,9 is the treatment 
choice for patients with platinum resistant or refractory disease.

A recent study by Voloshin et al investigated the effects of 
treatment with TTFields alone and in combination with paclitaxel in 
ovarian cancer cells in vitro and in vivo.30 Application of TTFields in 
vitro showed significant inhibitory effect on the viability of human 
ovarian cancer cells.30 In vitro studies of ovarian cancer cells with 
combinations of TTFields and paclitaxel, revealed that relative to 
paclitaxel alone, combination treatment significantly increased cell 
apoptosis estimated by cell count by synergistically or additively 
enhancing the effects of paclitaxel on three different ovarian cell 
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lines.30 When studied in vivo using cells that resemble human ovarian 
cancer orthotopically implanted into the ovarian bursa of murine 
models, it was shown that while TTFields alone did not reduce 
tumor weight and volume, combination treatment yielded significant 
reductions in both weight and volume compared to untreated control 
mice or those treated with either paclitaxel or TTFields.3

The INNOVATE (EF-22) trial is the first clinical trial that 
investigated the safety and efficacy of using TTFields in conjunction 
with weekly administration in 31 patients with platinum resistant 
ovarian cancer.31 Enrolled patients were heavily pre-treated with 
surgery, radiation, and chemotherapy but relatively uncomplicated 
with an ECOG score of 0-1. All had histologically confirmed recurrent 
epithelial ovarian, uterine tube, or primary peritoneal carcinoma. A 
treatment regimen optimized by the previously mentioned in vivo 
studies by Voloshin were applied, including TTFields frequency of 
200kHz and maximal amplitude of 114mA transduced through two 
pairs of arrays directly adhered to the skin of the abdomen, back 
and pelvis. Concomitant intravenous administration of 80mg/m2 of 
paclitaxel were given once every seven days. On average, patients 
received treatments with TTFields for 14 hours a day for 17 weeks 
and paclitaxel for 22 weeks. On average, patients received treatments 
with TTFields for 14 hours a day, for 17 weeks and paclitaxel for 22 
weeks. The daily duration of treatment with TTFields in this study 
was lower than in the EF14 trial where the daily duration of TTField 
treatment in Glioblastoma Multiforme patients was a minimum of 18 
hours.26

Both safety and efficacy profiles from the INNOVATE study 
displayed promising results. While nearly half of the patients 
experienced some sort of gastrointestinal symptoms, fatigue, edema, 
or neuropathy, these side effects were mild in severity and attributable 
to concomitant use of paclitaxel or the malignancy itself. Contact 
dermatitis, the expected adverse effect of TTFields, was present in 
93% of patients, but was readily managed with topical corticosteroids 
and maintenance of good skin hygiene which helped limit the number 
of severe, grade 3 dermatitis to only two patients.

Prior secondary analysis that investigated quality of life outcomes 
of patients with Glioblastoma who were being treated with TTFields 
reported similar findings, with skin reaction and itchiness being the 
most experienced adverse reaction.32 When comparing the group of 
patients that were treated with TTFields versus those that did not, 
there was no significant difference in the patient’s health-related 
quality of life (HRQoL) except for dermatitis reaction.32

The efficacy of the combination of TTFields and paclitaxel were 
measured by progression free survival (PFS), overall survival (OS), 
and per The Response Evaluation Criteria in Solid Tumors (RECIST) 
1.1. Median PFS was reported to be 8.9 months, OS at 6 months 90% 
and at 12 months 61%, and 71% of patients were determined to have 
gained clinical benefit per RECIST. As reference, meta-analysis of 
1640 patients with recurrent ovarian cancer on primary platinum and 
taxane therapy demonstrated PFS of 4.4 months at their 4th relapse 
and median OS of 6.2 months.33 Another study showed similar 
patients treated with weekly paclitaxel alone had PFS of 5.4 months.34 
PFS 6.7 months were reported or patients with platinum-resistant 
ovarian cancer treated with bevacizumab. More research is warranted 
to elucidate the full potential of TTFields in the treatment of ovarian 
cancer as well as other treatment-resistant neoplastic diseases after 
these pilot studies revealed such favorable results. The INNOVATE 
phase 2 trial has shown less severe adverse effects, improved survival, 

and significant clinical benefit to be gained from TTFields that can 
be life-changing for the cancer patient who has failed first-line 
treatment.35

Conclusion and future directions
Ovarian cancer is the leading cause of death amongst gynecologic 

malignancies. Despite multidisciplinary approaches to treatment of 
patients, that include surgical debulking and chemoradiation therapy, 
the overall 5-year survival rate is low. Newest studies have profound 
impact on the use of TTFields in the treatment of patients with 
platinum resistant ovarian cancer. Preliminary data are promising in 
improving the overall response and survival data with minimal side 
effects. A phase 3 randomized trials is currently in progress.
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