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Innovative Approaches in Glioblastoma Treatment: The Role of
Optune in Enhancing Patient Survival

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
garneredattentionforitsnovelapproachtocancertreatment.Utilizingbiophysicalprinciples, 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
throughitsuniqguemechanismofaction.Weconsideritsfutureapplicationwithothercarcinomas  and
current drawbacks and adoption from a biological and economic standpoint.
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Introduction

Glioblastomamultiforme(GBM)isthemostcommonformofmalignantprimarybrainandCNS (central
nervous system) tumors in adults, accounting for 14.3% of all tumors and 49.1% of all malignant
tumors [1]. 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 [2] As of 2021, WHO classification of CNS tumors still
recognizesGBMasagradel V,highlycellular,pervasivegliomaarisingfromastrocyteglialcells and
neural stem cells [27,28]. 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 [3].

DatafromtheLosAngelesCountyCancerSurveillanceProgrambetween1974-1999indicates a sharp
increase in GBM incidence especially after 1989, suggesting that the usage of MRI may
contribute to the increase in cases [4]. 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 (5-7). Further analysis using long-term time series forecasting predicts
thatannualGBMincidencewillcontinuetorisebynearly50%overthecourseof30years,with an annual
incident rate of over 1800 cases reported on SEER by 2060 (8.29-32).
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Duetoitsorigins,GBMishighlypleomorphicmakingitdifficulttotargetwithsingletarget

therapies. The current standard for glioblastoma treatment is surgical resection, followed by
adjuvant radiotherapy and the alkylating agent prodrug temozolomide (9). Temozolomide
inducessingle-anddouble-strandedDNAbreaks. Temozolomideresistanceisconferredby

negating its primary cytotoxic lesions either by directly repairing with methylguanine
methyltransferasesortoleratingwithmismatchrepairdeficienttumors(10).Despiteaggressive
multimodal treatments, GBM remains incurable, yielding a low median survival time of 10-12
months (11). GBM is a notoriously challenging disease for patients, as evidenced by surveys
conducted on a patient population in the United Kingdom (Eigure 1). Poor survival times,
increasingincidence,andlackofcurativetreatmentoptionsindicateademandfornewavenues of
treatments.
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Figurel.Participantresponsesranking,inthecontextofnewlydiagnosedglioblastoma,(a)aspectsof care; (b)
challenges and unmet needs within the NHS patient pathway; (c) limitations of current treatments
available via the NHS. Consensus was defined as >70% agreement between participants.
Responseswererankedas“Highlyrelevant”;“Relevant”;“Neutral”;*“Lessrelevant”;“Notrelevant”;“|
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don’t know.” Note: All 26 participants responded to all 3 questions but 1 skipped part of the question
showninpanel(a),2skippedpartsofthequestionshowninpanel(b)andlskippedpartofthequestion  shown in
panel (c). Abbreviations: GP (general practitioner); NHS (National Health Service) (23).

Tumor-treatingfields(TTFields)comprisesarelativelynewmethodinthespectrumofexisting
GBMtherapies,whichalsoincludemoreclassicalimmunotherapiesandnanotherapies.Optune
isaportablenoninvasivemedicaldeviceusedtotreatGBMbydeliveringcontinuouslocalized

TTFields. When used in conjunction with standard treatments like Temozolomide, Optune
significantly improved survival rates compared to Temozolomide alone (12). Optune’s novel
approach to cancer treatment distinguishes itself from traditional biochemical-focused
mechanisms by introducing new applications of bioelectronic technology to cancer treatment.
TTFieldsactthroughphysicalratherthanbiologicalorchemicalmechanisms,allowingOptune’s
therapeuticeffectstotargetGBM’smulticellularcharacteristics. T TFieldsalsoavoidstheclinical issue
of delivering across the blood brain barrier and is inherently less toxic than radiation treatments.

Mechanism of Action
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lons,polarmolecules,
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
cellularprocesses, like
DNA replication and
cell division, within
theseelectricfields
(13).
Byusinglowintensity
(1-2V/cm)alternating
electric fields (100 -
300 kHz), TTFields
are  thought to
preferentiallydisrupt
cells undergoing
mitosis by influencing
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Figure2.TTFieldsanticancermechanismthroughimpairingcellmotility, migration,andmitosis, induction of
cell death, and inhibition of DNA repair mechanism (17).

proteins with large dipoles, such as Septin 2,6, 7, and o/p tubulin and microtubules of spindles
viaforceddipolealignmentanddielectrophoresis.Duringmetaphase,uniformTT fieldswithin the cell
impair the formation of mitotic spindles by disrupting microtubule polymerization, resulting in
abnormal chromosome segregation in anaphase. As cytokinesis occurs and the formation of the
cleavage furrow develops, nonuniform electric fields drive polar and charged
macromoleculesandorganellestowardsthehigh-densityfieldatthemitoticfurrow.Thisprocess
induces dielectrophoresis and interferes with proper spindle orientation (12, 13). Cells directly
aligned with the applied electric fields are influenced greatly. By applying several electrodes in
various directions, TTFieldsincrease their antitumor effectiveness (14). TTField treated cells
immediately exit mitosis releasing cellular stress signals, such as CRT and HMGBL to induce
apoptosis and tumor destruction (12).

Efficacy & Potential Limitations

OptunehasbeenshowntobeclinicallyeffectivefortreatingGBMinavarietyofstudiestodate. 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-diagnosedGBM(15).AnotherstudydiscoveredthatpatientswithGBMswhounderwent Optune
treatment survived an additional 9.3 months compared to those who did not use Optune

(16). 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 (17). Optune is
currentlyFDAapprovedforGBM,widelyconsideredthemostfataltypeofbraincancer,andhas been
used by approximately 25,000 GBM patients to date according to the Optune website.
Additionally,alesser-knownusecaseofOptuneisforthetreatmentofmesothelioma,acancerin ~ 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
progressedafterplatinum-basedchemotherapy.Optuneiscurrentlybeingstudiedforpotential
useinothercancertypes,andhasbeenlinkedtosomeimprovementsinsurvivalforpatientswith other
CNS tumors and solid tumors, though further research is still needed (17). 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.

Given the rising interest in Optune, it is worth considering both patient and physician
perspectivesofthetreatment’sbenefitsanddrawbacks.WhileOptune’sclinicalefficacyhasbeen
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
significantlyreducethefrequencyoftheseadverseskinreactions(18).Headacheshavealsobeen
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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,andaphasia(19).Anotherpotentialburdenforpatientsistherequired  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 (20). 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 toolKkit.

Further Adoption & Economic Considerations

Asmentionedpreviously,Optunehasbeenusedforapproximately25,000patientswithGBMto  date,
and the technology has undoubtedly had a significant positive impact on patients’ lives.
However,financialchallengesremainforfurtherclinicaladoption.Optunetreatmentis

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).TheCADTHconcludedthatOptuneshouldonlybereimbursedifthecostcan be
reduced by a staggering 97%, and at the current price, would cost the public Canadian
taxpayersanadditional$76millionfor232patientsovertheinitial3yearsoffunding(19).A cost-
effectivenessstudyfoundthat,althoughOptunetreatmentwassimilarlyexpensiveinthe United
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
GBMpatientsincomparisontosolelyusingTMZchemotherapy(21). Thus,thecostofOptune 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
entireU.S.healthcaresystem,andthesolutionforreducingcostsassociatedwithOptune treatments
likely lies within governmental policies that target the entire industry.

Conclusion

GBMisahighly-fatalbraincancer,withstudiesshowingamedianoverallsurvivalof10%after
diagnosis,and a2-year survival rateof only6.7% in patientsundergoing adjuvant chemotherapy
(22). TTFields and Optune treatment has been a key treatment option sinceFDA-approval in
2011,andhasshownpromisingclinicalresultsforincreasingsurvivalrateswithoutsignificantly
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decreasingQOLmeasuresinGBMpatients.Additionally,Optune’spromisestretchesbeyond 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
treatmedicalailments—frompacemakerstodeepbrainstimulators—representsanexcitingtime at the
convergence of engineering and medicine.
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