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ABSTRACT

Glioblastoma multiforme (GBM) is the most common form of malignant primary brain and CNS
(central nervous system) tumors in adults. Prognosis is generally poor and the current standard for
treatment often fails to meet expectations. In recent years, Optune has garnered attention for its
novel approach to cancer treatment. Utilizing biophysical principles, Optune employs tumor-treating
fields (TTFields) to preferentially disrupt cells undergoing mitosis. In this review, we examine
Optune’s current role in progressing cancer treatments

through its unique mechanism of action. We consider its future application with other carcinomas
and current drawbacks and adoption from a biological and economic standpoint.
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1. INTRODUCTION

Glioblastoma multiforme (GBM) is the most
common form of malignant primary brain and
CNS (central nervous system) tumors in adults,
accounting for 14.3% of all tumors and 49.1% of
all malignant tumors (Ostrom et al. 2021). Data
from an anatomical study of gliomas indicates
that 40% of GBMs occur in the frontal lobe, 29%
in the temporal lobe, 14% in the parietal lobe, 3%
in the occipital lobe, and 14% in deeper
structures (Larjavaara et al. 2007). As of 2021,
WHO classification of CNS tumors still
recognizes GBM as a grade IV, highly cellular,
pervasive glioma arising from astrocyte glial cells
and neural stem cells (Stupp et al. 2017, Glas et
al. 2022). GBM is no longer classified as its own
tumor, instead GBM is considered as a variant of
Astrocytoma IDH-wild type with at least one
alteration of the following genetic and molecular
characteristics: IDH-wild type, TERT promoter,
chromosome 7/10, EGFR (Louis et al. 2021).

Data from the Los Angeles County Cancer
Surveillance Program between 1974 - 1999
indicates a sharp increase in GBM incidence
especially after 1989, suggesting that the usage
of MRI may contribute to the increase in cases
(Chakrabarti et al. 2005). However, international
and global studies between 1993 - 2017 indicate
that GBM incidence continues to rise suggesting
it is not solely due to the introduction of the MRI
(Miranda-Filho et al. 2017, Korja et al. 2019,
Grech et al. 2020). Further analysis using long-
term time series forecasting predicts that annual
GBM incidence will continue to rise by nearly
50% over the course of 30 years, with an annual
incident rate of over 1800 cases reported on
SEER by 2060 (Alexopoulos et al. 2022, Khagi et
al. 2024, Cuschieri et al. 2023, Alexopoulos et al.
2022).

Due to its origins, GBM is highly pleomorphic
making it difficult to target with single target
therapies. The current standard for glioblastoma
treatment is surgical resection, followed by
adjuvant radiotherapy and the alkylating agent
prodrug temozolomide (Bureta et al. 2019, Simon
et al. 2024). Temozolomide induces single- and
double-stranded DNA breaks. Temozolomide
resistance is conferred by negating its primary
cytotoxic lesions either by directly repairing with
methylguanine methyltransferases or tolerating
with mismatch repair deficient tumors (Zhang et
al.). Despite aggressive multimodal treatments,
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GBM remains incurable, yielding a low median
survival time of 10-12 months (Witthayanuwat et
al. 2018). GBM is a notoriously challenging
disease for patients, as evidenced by surveys
conducted on a patient population in the United
Kingdom (Fig.1). Poor survival times, increasing
incidence, and lack of curative treatment options
indicate a demand for new avenues of
treatments.

Tumor-treating fields (TTFields) comprises a
relatively new method in the spectrum of existing
GBM therapies, which also include more classical
immunotherapies and nanotherapies. Optune is a
portable noninvasive medical device used to treat
GBM by delivering continuous localized
TTFields. When wused in conjunction with
standard treatments like Temozolomide, Optune
significantly improved survival rates compared to
Temozolomide alone (Mittal et al. 2017 Rick et
al. 2018, Vishnupriya et al. 2022). Optune’s novel
approach to cancer treatment distinguishes
itself from traditional biochemical-focused
mechanisms by introducing new applications of
bioelectronic technology to cancer treatment.

TTFields act through physical rather than
biological or chemical mechanisms, allowing
Optune’s therapeutic effects to target GBM'’s
multicellular characteristics. TTFields also avoids
the clinical issue of delivering across the blood
brain barrier and is inherently less toxic than
radiation treatments.

2. MECHANISM OF ACTION

lons, polar molecules, and organelles contained
within living cells react to and generate electric
fields during biological processes. By applying
external electric fields, it is possible to alter
cellular processes, like DNA replication and cell
division, within these electric fields (Zhu et al.
2017, Zhu & Zhu 2017).

By using low intensity (1-2 V/cm) alternating
electric fields (100 - 300 kHz), TTFields are
thought to preferentially disrupt cells undergoing
mitosis by influencing proteins with large dipoles,
such as Septin 2,6, 7, and o/f tubulin and
microtubules of spindles via forced dipole
alignment and  dielectrophoresis. During
metaphase, uniform TTfields within the cell
impair the formation of mitotic spindles by
disrupting microtubule polymerization, resulting
in abnormal chromosome segregation in
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anaphase. As cytokinesis occurs and the
formation of the cleavage furrow develops,
nonuniform electric fields drive polar and charged
macromolecules and organelles towards the
high-density field at the mitotic furrow. This
process induces dielectrophoresis and interferes
with proper spindle orientation (Mittal et al. 2017,
Zhu et al. 2017). Cells directly aligned with the

applied electric fields are influenced greatly. By
applying several electrodes in various directions,
TTFields increase their antitumor effectiveness
(Kirson et al. 2007). TTField treated cells
immediately exit mitosis releasing cellular stress
signals, such as CRT and HMGB1 to induce
apoptosis and tumor destruction (Mittal et al.
2017).
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Fig. 1. Participant responses ranking, in the context of newly diagnosed glioblastoma, (a)
aspects of care; (b) challenges and unmet needs within the NHS patient pathway; (c)
limitations of current treatments available via the NHS. Consensus was defined as 270%
agreement between participants. Responses were ranked as “Highly relevant”; “Relevant”;
“Neutral”’; “Less relevant”; “Not relevant”; “l don’t know.” Note: All 26 participants responded
to all 3 questions but 1 skipped part of the question shown in panel (a), 2 skipped parts of the
guestion shown in panel (b) and 1 skipped part of the question shown in panel (c).
Abbreviations: GP (general practitioner); NHS (National Health Service) (Bulbeck et al. 2024)
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Fig. 2. TTFields anticancer mechanism through impairing cell motility, migration, and mitosis,
induction of cell death, and inhibition of DNA repair mechanism (Khagi et al. 2024)

3. EFFICACY & POTENTIAL LIMITATIONS

Optune has been shown to be clinically effective
for treating GBM in a variety of studies to date.
For instance, tumor treating fields, the primary
mechanism of Optune, resulted in a higher
overall rate of survival when combined with TMZ
chemotherapy for patients with newly-diagnosed
GBM (Ghiaseddin et al. 2020). Another study
discovered that patients with GBMs who
underwent Optune treatment survived an
additional 9.3 months compared to those who did
not use Optune (Wang & Arkun 2023). More
recent research has also shown that overall
survival levels increase linearly with dosage and
time usage on Optune. Additionally, the safety
profile of Optune extends to a broad set of
patients, including those who may have a
ventriculoperitoneal shunt (Khagi et al. 2024).
Optune is currently FDA approved for GBM,
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widely considered the most fatal type of brain
cancer, and has been used by approximately
25,000 GBM patients to date according to the
Optune website.

Additionally, a lesser-known use case of Optune
is for the treatment of mesothelioma, a cancer in
which tumors grow along the mesothelial lining.
In fact, Optune Lua was recently FDA-approved
for metastatic non-small cell lung cancer
(NSCLC) for patients who have progressed after
platinum-based chemotherapy. Optune s
currently being studied for potential use in other
cancer types, and has been linked to some
improvements in survival for patients with other
CNS tumors and solid tumors, though further
research is still needed (Khagi et al. 2024). The
expanding efficacy profile of Optune shows
promise for other cancer types and is likely to be
a field of increasing interest in the coming years.
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Given the rising interest in Optune, it is worth
considering both  patient and physician
perspectives of the treatment’s benefits and
drawbacks. While Optune’s clinical efficacy has
been promising, side effects can occur — and
they most commonly include adverse
dermatologic events and skin toxicities. However,
patient education on the physician’s behalf can
be used to significantly reduce the frequency of
these adverse skin reactions (Lukas et al. 2017)
.Headaches have also been reported in patients
undergoing Optune treatment, though with far
less frequency than skin reactions. Other less
common side effects reported with Optune
treatment have included convulsions,
hemiparesis, and aphasia (CADTH 2024).
Another potential burden for patients is the
required time spent on Optune treatment to reap
the benefits — an average of 18 hours a day is
recommended for most patients. The length of
Optune treatment is individualized to the patient
and strategized by the physician, but the
minimum is suggested to be 4 weeks, which can
be significantly less time than chemotherapies.
Despite the potential side effects and long hours
spent on Optune treatment, patients do not score
lower on quality of life (QOL) measures
compared to patients undergoing a first line
treatment for GBM (Onken et al. 2018).
Therefore, the side effects that Optune presents
appear to be manageable and well-tolerated by
patients, further strengthening Optune’s position
in the GBM treatment toolkit.

4. FURTHER ADOPTION & ECONOMIC
CONSIDERATIONS

As mentioned previously, Optune has been used
for approximately 25,000 patients with GBM to
date, and the technology has undoubtedly had a
significant positive impact on patients’ lives.
However, financial challenges remain for further
clinical adoption. Optune treatment is expensive
— approximately $27,000 per month in addition to
the cost of TMZ chemotherapy for patients living
with GBM. This fee is variable based on patient
needs and prognosis, but reflects an average
cost submitted in a proposal to the Canadian
Agency for Drugs and Technology in Health
(CADTH). The CADTH concluded that Optune
should only be reimbursed if the cost can be
reduced by a staggering 97%, and at the current
price, would cost the public Canadian taxpayers
an additional $76 million for 232 patients over the
initial 3 years of funding (CADTH 2024).). A cost-
effectiveness study found that, although Optune
treatment was similarly expensive in the United
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States at $21,000 per month, it was cost-
effective given the incremental cost-effectiveness
ratio of $197,336 per quality-adjusted life year
gained for newly diagnosed GBM patients in
comparison to solely using TMZ chemotherapy
(Guzauskas et al. 2019). Thus, the cost of
Optune treatment, although significant, may still
be manageable given its net positive effects on
life expectancy. On a broader scale, the cost of
drugs and treatments is an issue for virtually the
entire U.S. healthcare system, and the solution
for reducing costs associated with Optune
treatments likely lies within governmental policies
that target the entire industry.

5. CONCLUSION

GBM is a highly-fatal brain cancer, with studies
showing a median overall survival of 10% after
diagnosis, and a 2-year survival rate of only 6.7%
in patients undergoing adjuvant chemotherapy
(Mohammed et al. 2022). TTFields and Optune
treatment has been a key treatment option since
FDA-approval in 2011, and has shown promising
clinical results for increasing survival rates
without significantly decreasing QOL measures in
GBM patients. Additionally, Optune’s promise
stretches beyond GBM, as it is the focus of
investigation for various other cancer types. The
application of TTFields and electricity for cancer
treatments represent exciting innovation in a field
where more direct and effective are sorely
needed. The widely-increasing applicability of
electricity to treat medical ailments — from
pacemakers to deep brain stimulators
represents an exciting time at the convergence of
engineering and medicine.
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