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Summary
• Glioblastoma is the most common type of primary brain cancer in adults.
• Despite advances in treatment, life expectancy for patients with glioblastoma is typically less than two years.
• Optune is a wearable technology intended for use in addition to standard therapies ― surgical resection,
radiation therapy, and chemotherapy ― in adults with either newly diagnosed or recurrent glioblastoma. It
has also been trialled as a single therapy for adult patients with recurrent glioblastoma.
• Optune delivers alternating electric fields, or “tumour-treating fields,” to the brain to disrupt cancer cell division.
• The evidence suggests that some patients with newly diagnosed glioblastoma treated with Optune may
live longer, although which patients are most likely to benefit is not yet entirely clear.
• The cost of therapy with the Optune system is about US$21,000 per patient, per month.

Background
Glioblastoma is also called glioblastoma multiforme (or GBM),
Grade IV glioma, or Grade IV astrocytoma.1 In adults, glioblastoma
is the most common primary brain cancer (a cancer that
originates in the brain).2,3 Glioblastoma is difficult to treat because
the cancer cells infiltrate normal brain tissue with tentacle-like
extensions that usually cannot be completely removed surgically.
Delivery of drug therapies to the tumour is also impeded by
the blood-brain barrier (which protects the brain from harmful
substances in the blood).4,5 And because glioblastoma cancer
cells are highly heterogeneous (that is, when they divide, the new
cells are not genetically identical to the parent cells), new tumour
growth can contain cancer cells that are resistant to treatment.4,5
With standard treatments, patients with glioblastoma have a median
survival of about 15 months from the time they are diagnosed, and
only one in four patients is alive at two years.4,6-11 Glioblastoma
typically recurs within about seven months of initial treatment.6,10
A wearable device that emits low-intensity, alternating electric
fields is a new addition to treatment options for some patients
with glioblastoma.

The Technology
The Optune system (Novocure, St. Helier, Jersey Isle, UK), initially
called NovoTTF-100A, was developed at the Technion – Israel
Institute of Technology. It uses pre-set, low-intensity (one to three
volts) alternating electrical fields at an intermediate frequency
of 200 kHz to create “tumour-treating fields” (TTFields). These
TTFields penetrate cell walls to disrupt rapid cancer cell division
and cause cell death,12-14 although the mechanism(s) of action are
still not fully understood.15-17 The TTFields treatment should be
administered continuously, for at least 18 hours per day.14
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The components of the Optune system include:
• four adhesive patches, called transducer arrays, that are worn
on the patient’s head, with each array containing nine, insulated
ceramic disks
• a connector cable
• a portable electric field generator
• four rechargeable battery packs (the system uses one battery
at a time, each battery providing four to six hours of power)
• a customized backpack.18,19
The Optune system allows the patient to be mobile, using the
battery pack and backpack, while receiving treatment, or the system
can be plugged into a regular electrical outlet when the patient is
seated or asleep.19 It weighs about 1.3 kg, including the battery.18,20
Patients must shave their heads to allow the transducers to
properly adhere to their scalp with a thin layer of conductive
hydrogel similar to that used for electrocardiogram pads.19,21 The
transducer arrays are attached to adhesive bandages to hold them
in place and are positioned in pairs on the head left and right, front
and back.13,14 Each transducer array is plugged into the connector
cable, which is in turn plugged into the battery pack.19 Replacement
transducers are provided in sterile packages, and used transducers
are returned to Novocure for disposal.1,19 Ideally, the arrays are
worn continuously for three to four days; but after exercise, or in
hot or humid weather, more frequent exchanges may be needed.22
The scalp must be shaved and cleansed before a new set of arrays
can be applied.19,22 Patients can wear a loosely fitting wig, scarf, or
hat over the arrays, but the wires will still be visible.23
To help physicians identify the optimal placement location for the
arrays on the patient’s head, the manufacturer provides the NovoTAL
System software. This software uses data from the patient’s
MRI scans to guide placement, and it can also be used to make
adjustments to placement, as needed, throughout treatment.6,8
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Availability
The Optune system does not currently have a Health Canada
Medical Devices Active Licence. However, the system has been
used at Canadian hospitals in Ontario, Quebec, Manitoba, and
Alberta as part of the multinational EF-14 trial.24
The US FDA first approved the Optune system in April 2011 for use
in patients older than 22 years with recurrent glioblastoma, after
standard medical therapies have been used.25 In 2015, the FDA
expanded the licensing to include the treatment of patients with
newly diagnosed glioblastoma, after “maximal debulking surgery
and completion of radiation therapy together with concomitant
standard of care chemotherapy.”25,26 The Optune system is also
commercially available in Europe, Israel, and Japan.26,27

Cost
A 2016 report by the ECRI Institute notes that the cost of TTFields
therapy is substantial — approximately US$21,000 per patient
each month.28 The cost includes the Optune system, a month’s
supply of transducer arrays, and 24-hour technical support.29 The
final EF-14 trial analysis showed the median duration of TTFields
treatment was just over eight months. 30

Who Might Benefit?
Optune is intended for treatment of glioblastoma in the
supratentorial (or upper) region of the brain, not for tumours in the
cerebellum or brain stem.26
Glioblastoma is more common in older people, and is more
common in men than in women.31 Whereas primary glioblastoma
most often affects older patients, secondary glioblastoma, which
develops more slowly from a lower-grade glioma, usually occurs
in younger patients.31
Precise numbers of Canadians with glioblastoma are not
available, but based on estimates of the incidence of the disease
from the US and Europe, approximately 1,200 Canadians may
be diagnosed with glioblastoma each year.5,9,31 The Brain Tumour
Foundation of Canada’s Canadian Brain Tumour Registry is
collecting information on the incidence and survival rates for all
types of brain cancers, and more comprehensive data should be
available within the next few years.32

Current Practice
Patient care should be provided by a multidisciplinary team
that includes specialists in neurosurgery, radiation oncology,
neuropathology, neuro-oncology, and allied health.31
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Standard treatment and management for glioblastoma include:
• surgical removal of as much of the tumour as possible while
avoiding damage to critical areas of the brain, or biopsy only for
inoperable tumours
• radiation therapy beginning three to six weeks after surgery and
concurrent chemotherapy with oral temozolomide for three to
six weeks
• subsequent maintenance temozolomide therapy for six cycles
(or up to twelve months).4,9,11,31,33-35
Treatment may be modified for elderly or frail patients.34

Methods
These bulletins are not systematic reviews and do not
involve a detailed critical appraisal. They are not intended
to provide recommendations for or against a particular
technology.

Study Selection
One author screened the literature search results and
reviewed the full text of all potentially relevant studies.
Studies were considered for inclusion if the intervention
included alternating electric fields for glioblastoma.
Conference abstracts and grey literature were included
when they provided additional information to that
available in the published studies.

Peer Review
A draft bulletin was reviewed by two clinical experts and
the manufacturer.

Literature Search Strategy
A peer-reviewed literature search was conducted
using the following bibliographic databases: MEDLINE,
Embase, PubMed, and the Cochrane Library (2017, Issue
6). Grey literature was identified by searching relevant
sections of the Grey Matters checklist (https://www.
cadth.ca/grey-matters). No methodological filters were
applied. The search was limited to English-language
documents published between January 1, 2012 and May
30, 2017. Regular alerts updated the search until project
completion; only citations retrieved before December 19,
2017 were incorporated into the analysis. Conference
abstracts were retrieved through a search of the Embase
database limited to the last two years.
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Prognosis is affected by the patient’s age, Karnofsky Performance
Status (which measures functional ability or disability), the
amount of tumour that can be surgically removed, and the
molecular features of the glioblastoma, such as genetic
alterations associated with a better or worse response to
temozolomide chemotherapy.4,31
Other drug therapies may be used to treat disease recurrence, but
evidence that they improve survival is still not conclusive, and they
may cause serious adverse events.31,36,37
The 2016 US National Comprehensive Cancer Network consensusbased guidelines include “lower-level” evidence recommendations
for alternating electric fields therapy as an add-on treatment
option to standard therapy for newly diagnosed patients with
glioblastoma in the supratentorial region of the brain; and as a
treatment option for patients with recurrent glioblastoma.3

The Evidence
Optune has been assessed in several clinical trials over the past
decade;13 the most recent evidence includes two randomized
controlled trials (EF-1430,38 and EF-1139) and the PRiDe Patient
Registry Dataset.40
In the remainder of this section, the trials and the registry study
are described first, followed by summaries of the main outcomes:
overall survival, progression-free survival, compliance, quality-oflife, and safety. Smaller case series and subgroup analyses are
also noted under the relevant outcomes sections.
Some trials included patients newly diagnosed with
glioblastoma,30,38 whereas others included patients at first, second,
or later recurrence of cancer.39 Consequently, the timing and
duration of TTFields treatment varied.6,17 The drug therapies used
in the trials also differed; for example, the use of temozolomide
alone, or the use of triple therapy that included temozolomide
and/or other drugs.30,38-40 The trials did not use a sham treatment
in the control group, as it was considered impractical and
inappropriate to place an additional burden on patients and
caregivers (for example, shaving the patient’s head and placement
of the transducer arrays.16,30,38
Most publications on Optune ― including studies,
reviews, and commentaries ― received funding from the
manufacturer.6-9,11,13,14,18,19,21,22,30,38-67

Study Characteristics
EF-14
Interim results from the EF-14 trial — the largest, multinational
trial of TTFields therapy — were published in 2015,38 and the
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final study results were published in December 2017.30 The trial
involved 695 patients at 83 centres. Patients were all newly
diagnosed with glioblastoma and had all received standard
treatment: debulking surgery (to reduce the size of the tumour),
where feasible; radiation therapy; and chemotherapy. Participants
were randomized at a ratio of 2 to 1 to receive maintenance
therapy with either TTFields plus temozolomide (466 patients), or
temozolomide only (229 patients). Patients in either group who
experienced cancer progression could also receive second-line
chemotherapy. Patients in the TTFields group who experienced
cancer progression could continue to receive TTFields treatment.
The trial excluded patients with disease progression prior to
randomization. Patients who were not able to complete primary
treatment and those who could not tolerate temozolomide
chemotherapy were also excluded.
The interim analysis of EF-14 trial data was planned to occur
when there was at least 18 months of follow-up for the first 315
randomized patients: 210 in the TTFields group, and 105 in the
temozolomide-only group.38 Based on the positive interim results,
the trial’s data and safety monitoring committee recommended
stopping the trial, and TTFields therapy was offered to all patients.
Participants in the EF-14 trial were followed for a median of 40
months and a minimum of 24 months.30

EF-11
In the EF-11 trial, published in 2012, 237 patients with recurrent
glioblastoma were randomized to receive either TTFields therapy
only (n = 120) or the physician’s choice of chemotherapy (n =
117).39 To be included, patients must have received prior radiation
therapy, with or without temozolomide chemotherapy. Patients with
implanted medical devices, such as pacemakers, were excluded.
Most patients were at the second or third recurrence of the disease.
Their assigned treatment began within one week of randomization
and continued until their disease progressed further or they were
found to be unable to tolerate their assigned treatment. The trial
was conducted at 28 centres in the US, Europe, and Israel.39

PRiDe
The Patient Registry Dataset (PRiDe) is a post-marketing registry
study following 457 patients with recurrent glioblastoma who
received the TTFields therapy in 91 US centres between October
2011 and November 2013.40 The intent was to gather real-world
clinical practice information on patients treated with TTFields.
The patients in the registry could have received any prior therapies
and could have had any number of cancer recurrences. The
median duration of TTField treatment in the registry patients was
4.1 months.40
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Overall Survival
In the final analysis of the EF-14 trial, the median overall survival
in the intention-to-treat patient groups was 20.9 months in the
TTFields-plus-temozolomide group, and 16.0 months in the
temozolomide-only group.30 More than half of the patients in
both treatment groups also received second-line drug therapies:
67% of patients in the TTFields-plus-temozolomide group and
57% of those in the temozolomide-only group.38 At two years
after trial enrolment, more of the patients in the TTFieldsplus-temozolomide group were alive (43%) compared with the
temozolomide-only group (31%).30
In the EF-11 trial of patients with disease recurrence, there was no
difference in overall survival between the TTFields-only group and
the chemotherapy-only group at any time point.39 Investigators
concluded that the EF-11 trial showed that TTFields treatment
offered comparable efficacy to that achieved with chemotherapy.59

“In the final analysis of the EF-14
trial, the median overall survival
in the intention-to-treat patient
groups was 20.9 months in the
TTFields-plus-temozolomide
group, and 16.0 months in the
temozolomide-only group.”
Authors of the PRiDe registry study also conducted an analysis
of survival. Median overall survival was 9.6 months.40 At one
year, 44% of registry patients were alive, and at two years, 30% of
patients were alive.40
A post-hoc analysis of the EF-11 trial found that median overall
survival was higher in patients with recurrent glioblastoma who
used the TTFields device for 18 or more hours daily (survival rate
of 7.7 months) compared with patients who used the system less
(survival rate of 4.5 months).47
Researchers at one US centre reported on a small case series that
found improved survival in patients who received TTFields treatment
in addition to triple-drug therapy (temozolomide, bevacizumab, and
irinotecan).68 Median overall survival was 34.5 months for the 29
patients who received the combined treatment, and was slightly
longer ― 39.4 months ― for the 15 patients who started TTFields
treatment earlier (i.e., within 125 days of initial diagnosis).68
Another small study, reported in a conference abstract, found that
the median overall survival was 12 months in 12 patients who
received stereotactic radiosurgery in addition to TTFields therapy,
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compared with four months in 28 patients who received TTFields
therapy without radiosurgery.67
A small case series of eight patients with bevacizumab-refractory
glioblastoma reported a median overall survival of 7.2 months
from the start of TTFields therapy.41 Several case reports mention
long-term survivors of glioblastoma who have either continued to
use TTFields therapy for several years (in addition to drug and other
treatments),12,47,55,69 or who have been in good health and are no
longer receiving treatment after receiving TTFields treatment.47,49,56,70

Progression-Free Survival
Progression-free survival is the period of time during and after
treatment in which the disease does not worsen. Final EF-14
trial results reported that median progression-free survival in the
intention-to-treat patient groups was 6.7 months in the TTFieldsplus-temozolomide group, and 4.0 months in the temozolomideonly group.30
There was no difference in median progression-free survival at
six months in the EF-11 trial patients with recurrent glioblastoma
(just over two months in both the TTFields-only group and the
chemotherapy-only group).39

Compliance With Treatment
The use of TTFields for 18 or more hours per day is associated
with better overall survival.6,7,30,47,71 At least one continuous 28-day
cycle of TTFields treatment is necessary to be able to see a
treatment effect (usually based on MRI imaging, if available).47,48
The Optune system records the amount of time the patient uses
the device in a monthly report for the attending physician.18
In the EF-14 trial, 75% of the patients in the TTFields-plustemozolomide group wore the device for an average of 18 or
more hours per day.30
In the EF-11 trial, of the 116 patients who started TTFields
treatment, 78% completed at least one four-week cycle.39 The
average compliance with treatment was 86% (an average of 20.6
hours per day).39 Twenty-seven patients stopped TTFields treatment
early, either because of not using the system for the recommended
hours each day or because of an inability to manage the device.39
PRiDe registry compliance data were available for only about
two-thirds of the patients (n = 287).40 About 44% of the patients
(n = 127) used the TTFields therapy for 18 or more hours per day.
Patients with more functional impairment were less compliant in
their use of the TTFields treatment.40
A small case series of patients with bevacizumab-refractory
glioblastoma reported a compliance rate of 74.2%; this was based
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on seven of the eight patients’ records, with a median duration of
TTFields therapy of 5.2 months.41

Quality of Life
Interim EF-14 trial results showed an initial improvement in quality
of life in the patients treated with TTFields plus temozolomide,
but at the nine-month follow-up there was no difference between
the patient groups.43 Self-reported physical and social functioning
were also similar between the groups at the nine-month and the
12-month follow-up.43 Final EF-14 study results on quality of life
are forthcoming.30
Data on quality of life was available for 63 patients (27%) in
the EF-11 trial who remained on TTFields therapy for at least
three months.39 These patients reported a higher quality of
life — including better cognitive and emotional status — than
those in the chemotherapy group, possibly because they were not
experiencing the toxic effects of chemotherapy.11 There was no
difference between the groups in the domains of overall health
and social functioning.39

Safety
Skin Irritation
The most common adverse event with the use of TTFields therapy
is skin irritation, including rash, ulceration, and infections.19,21,72
The irritation is mainly due to repeated shaving of the scalp,
application and removal of the transducer arrays, allergic
reaction to the hydrogel, and the pressure of the transducers on
the skin.14,19 Skin irritation was usually mild to moderate, and it
was treatable with topical steroids or antibiotics and by slightly
adjusting the positioning of the transducer arrays and adhesives
when they were exchanged. It was also treated by removing the
arrays for a few days.19,72
In the EF-14 trial, about 52% of patients in the TTFields group
had mild to moderate skin reactions, and about 2% of patients
had more severe skin reactions.30 Patients in the TTFieldsplus-temozolomide treatment group reported “itchy skin” more
often than those in the temozolomide-only group.43 In the EF-11
trial, 16% of patients in the TTFields group experienced mild to
moderate skin irritation.39
In the PRiDe registry, 24.3% of patients (the actual patient
numbers were not reported) experienced skin reactions.40
Although some patients reported a sensation of scalp warmth,
this did not cause injury.40 (When the device is in operation,
sensors in the arrays monitor temperature. The system sounds an
alarm and automatically shuts off if the temperature rises above
105.8oF or 41oC.19)
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Systemic Adverse Events
In the EF-14 trial, systemic adverse events such as blood and
gastrointestinal disorders, seizures, and infections were similar in the
patients who received TTFields plus temozolomide, and those who
received temozolomide only.30 In the EF-11 trial, systemic adverse
events such as gastrointestinal and blood disorders, and infections,
occurred more frequently in the chemotherapy patient group.39
A post hoc analysis of 144 patients in the EF-14 trial who received
TTFields in addition to second-line drug therapies after disease
recurrence found a higher incidence of adverse events compared
with patients who received chemotherapy only.51 These results
may have been confounded by the second-line drug therapies
used (most commonly bevacizumab), the longer follow-up period
for patients who received TTFields, and the 14 patients who
crossed over to the TTFields treatment arm who had not initially
received TTFields.51

“The most common adverse event
with the use of TTFields therapy
is skin irritation, including rash,
ulceration, and infections.”
Other Adverse Events
Other adverse events reported in the registry patients included
neurological disorder (10.4%), seizure (8.9%), headache (5.7%),
pain or discomfort (4.7%), and falls (3.9%). Actual patient
numbers were not reported.40
In the EF-14 study, the rates of seizures were similar in the
patients who received TTFields plus temozolomide and those
who received temozolomide only.30
TTFields therapy should not be used in patients with active
implanted devices — such as deep brain, spinal cord, or vagal nerve
stimulators; or pacemakers — or in individuals with a sensitivity to
the conductive hydrogels.25,26,61 A 2017 laboratory study concluded
that radiation therapy should not be used when the transducer
arrays are in place because of an increased risk of skin toxicity.50

Cost Studies
No Canadian economic evaluations were identified.
French researchers examined the cost-effectiveness of TTFields
therapy in patients newly diagnosed with glioblastoma based
on interim data from the EF-14 trial.29 Two scenarios were
considered: the first, standard of care alone, which included
radiation therapy and temozolomide; and the second, TTFields
treatment plus standard of care. With a projected life expectancy
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of 22.08 months in the TTFields scenario and 18 months in the
standard of care alone scenario, TTFields therapy costs €243,141
compared with €57,665 for standard treatment alone; with an
incremental cost-effectiveness ratio (ICER) of €549,909 per
life-year gained.29 A Swedish cost-effectiveness evaluation using
more recent patient data has also been conducted; however, the
results are not available in English.73
A systematic review of economic studies assessing the costeffectiveness of glioblastoma therapies, including TTFields
therapy, is underway at the University of York and expected to be
published in 2018.74

Concurrent Developments
Treatments for Glioblastoma
Molecular-based tumour typing is increasingly important in
cancer diagnosis and treatment decisions.75,76 People with
glioblastoma tumours that have particular genetic alterations
have better prognoses than those with tumours having only some
or none of these alterations.75
Many clinical trials for glioblastoma therapies are in various phases
of development.77-79 Some researchers have speculated there
may be a synergistic effect between TTFields therapy and the
response to drug therapies.42,57,62 Clinical trials of TTFields therapy
in combination with other therapies are also in progress.8,17,80
Immunotherapies, vaccines, and oncologic viruses that promote
the patient’s immune system response or target tumour cells are
other areas of investigation.76,77,81-83 Glioblastoma is one of the
cancers included in chimeric antigen receptor (CAR) T-cell therapy
research — where a patient’s T-cells are extracted, genetically
modified, and reinfused to attack cancer cells.78,84,85
Ultrasound technologies, such as microbubbles that temporarily
allow better access of drug therapies across the blood-brain
barrier, and focused ultrasound ablation (or removal) of tumours
have also been investigated in the treatment of glioblastoma.5,86,87
Another device-based treatment for glioblastoma is the Nativis
Voyager (Nativis, Seattle), which is undergoing feasibility and
safety trials in the US and Australia.88,89 The Nativis Voyager is worn
on a headband and the device delivers ultra-low radiofrequency
energy to the brain. The radiofrequency energy is believed to
disrupt genetic processes in the cancer cells — in particular, the
epidermal growth factor receptor — and prevent cell division.89
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Other Uses of Tumour-Treating Fields
Small studies of TTFields in treating other types of cancers have
also been published or are underway, including investigations
of its use in meningioma — a brain tumour that forms on the
membranes covering the brain and spinal cord; brain metastases
from other types of cancer; mesothelioma (a rare cancer related
to asbestos exposure); and pancreatic, lung, and ovarian
cancers.8,11,13,17,36 A Danish trial is investigating the feasibility
of increasing TTField intensity to the tumour by craniectomy ―
removing small pieces of the overlaying skull.52
A report of compassionate use of TTFields treatment in five children
and adolescents with high grade gliomas (including glioblastoma)
concluded a pediatric trial would be worthwhile,90 and the Pediatric
Brain Tumor Consortium is conducting a trial in children.91

Implementation Issues
Uptake
A 2017 US review noted that uptake of TTFields treatment has
been relatively slow, and that only about 15% of patients newly
diagnosed with glioblastoma were treated with TTFields in 2016.7
Worldwide, over 5,000 patients with glioblastoma have been
treated with TTFields (Justin Kelly, Novocure, Portsmouth, NH:
personal communication, 2017 Oct 30).

Training Needs
Originally, Novocure clinical staff customized the layout of the
transducer arrays for each patient.92 Now, physicians who
prescribe Optune must receive training and certification to do
this for their patients using the NovoTAL System.33,92,93 A study
involving 14 physicians (neuro-oncologists, medical oncologists,
and neurosurgeons) certified to prescribe Optune found that
physicians in all specialties were able to use the system to
accurately initiate and adjust patient treatment.92
Patients and their families or caregivers also need training in
using the device and in scalp preparation, and in ensuring the
correct placement of the transducer arrays.1,7,14

Caregiver Burden
Cleansing and shaving the scalp, replacing the electrodes every
three days, and wearing the device for most of the day and night
may be a burden for some patients.7 Most patients will need help
to prepare their scalp and apply the arrays, and family or caregiver
support will likely be needed.7,22,59
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Patient Perspective
The need to shave the head and wear the noticeable transducer
arrays and wires may be seen as a stigma of cancer, as with hair
loss in chemotherapy.7,16,63,65,94
Jeffrey Weiss, a US journalist with glioblastoma who has since
passed away, chronicled his experience as a patient with this
disease, including his experience using the TTFields therapy:
“Optune use is a real-world physical hassle. Four palm-sized
patches of electrodes are stuck to my scalp in a particular
pattern. Every two days, the electrodes must be removed, my
scalp cleaned and reshaved, and a new set of electrodes stuck
on. (My wife, Marni, has to do the electrode installation; I can’t
possibly reach all around my head to get them on correctly.)
Sweat is a problem. It can make the electrodes fall off. Heat is
a problem; if my head gets even a bit warm, an alarm goes off.
When I leave the house, I wear hats to cover the odd-looking
electrode patches…”95,96
One investigator with the EF-14 study noted that patients:
“…became psychologically dependent on the TTFields device,
and saw it as a tangible way to treat their own disease. They
were responsible for wearing the device, taking it with them
throughout the day, and recharging the batteries. They also
had to change their transducer arrays every few days…”61
This is in contrast to other cancer treatments where patients are
more passive recipients of care.22,61 As one US patient who has
used the system for two years said: “I wear it and wear it proudly…
It’s an incredible machine and I’m fine not having hair.”97
Some patients found the system cumbersome, but future design
modifications are expected.8,62 A 2016 conference abstract,
reporting one centre’s experience with providing TTFields therapy,
described the following reasons patients gave for not using the
system: inability to tolerate the side effects (not specified), lack
of caregiver support, and impact on lifestyle.98 In addition, two
patients did not start TTFields therapy as prescribed because of
social or financial reasons.98

Patient Education
Health care providers will need to educate patients and their
families about the importance of compliance, as the effectiveness
of TTFields depends on the device being worn and turned
on.7,22,47 A recent guide for nursing staff noted that some patients
experience cognitive impairment as a result of their disease
treatments, so that user errors ― such as not noticing the device
was not turned back on after a break in therapy ― may occur,
which can affect compliance.22 The device’s compliance report
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for physicians may help to identify these types of issues.22 In
addition to supporting the health care professionals, Novocure
technicians are available to provide technical support to patients
and caregivers.22

Patient Selection
It is not yet clear which patients with glioblastoma are most likely
to benefit from TTFields treatment.16,17 The distribution of the
electrical fields to the tumour is affected by many variables in
addition to the positioning of the transducer arrays, including the
location and shape of the tumour and whether it contains a core
of necrotic (or dead) tissue, the layer of cerebrospinal fluid, and
the insulating properties of adjacent tissue.99

“The cost of TTFields therapy will
be a barrier for patients if this
therapy is not covered by public
and private health insurance.”
Preliminary evidence suggests that patients who may benefit
most are those:
• with tumours that are more superficial, rather than those
located deep within the brain.100
• who have not previously received bevacizumab. These patients
may have a better prognosis.40,64 However, a small subgroup
analysis also suggested that patients who have developed
resistance to bevacizumab may have a better response to
TTFields therapy — possibly because of an altered immune
response after receiving bevacizumab.47
• with tumours that developed from lower grade gliomas.
These tumours appear to have a better response to TTFields
therapy.45 As primary and secondary glioblastomas differ
genetically, in the future, the genetic profiling of tumours may
allow for better identification of patients who will benefit from
TTFields treatment.45

Imaging Needs
Planning the patient’s transducer array layout is based on existing
MRI imaging taken as part of standard care for glioblastoma (Justin
Kelly, Novocure, Portsmouth, NH: personal communication, 2017
Oct 30). Subsequent MRIs, every two to three months, are also
part of standard follow-up for patients with glioblastoma.14 For a
more accurate assessment of treatment response in glioblastoma,
investigators are exploring advanced MRI-based techniques, such
as diffusion tensor imaging, 3-D echo-planar spectroscopy, and
dynamic susceptibility contrast perfusion-weighted imaging.54,101
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Pseudoprogression
In patients with glioblastoma, pseudoprogression (transient
visual changes in the tumour not indicative of true disease
progression), commonly due to tissue necrosis from radiation
therapy, is often seen on follow-up MRIs within the first months
after chemotherapy and radiation treatment.14,31,102 There is also
a delay between treatment response with TTFields and when
this becomes evident on MRI images.14 Continuation of TTFields
treatment is recommended, regardless of early diagnostic imaging
results.7,48,49,70,93 The effects of a prolonged use of TTFields after
cancer recurrence — for example, on slowing the rate of progression
or on tumour regression — warrant further investigation.16

Other Issues
The cost of TTFields therapy will be a barrier for patients if this
therapy is not covered by public and private health insurance.7,23
The reduced incidence of systemic adverse events with TTFields
therapy for patients with recurrent glioblastoma may reduce
health care costs associated with treating more serious adverse
events caused by chemotherapy and radiation therapy.8 A 2012
Australian health technology assessment of TTFields therapy
included unpublished manufacturer’s information that found
fewer hospitalizations and reduced length of stay among the
patients who received TTFields treatment compared with those
who received best standard chemotherapy.103
In the US, the Novocure support technicians meet with patients
each month to provide support and download the compliance
report for the health care team.22 How this works for patients
outside of the US is not clear.

Final Remarks
In September 2017, Novocure announced that the German
Federal Joint Committee, the Gemeinsamer Bundesausschuss,
will jointly fund a new trial to assess the benefit of starting
TTFields treatment earlier — as part of initial therapy alongside
radiation therapy and temozolomide.104
Treatments that may improve survival without negatively affecting
quality of life are important for patients with this aggressive,
difficult-to-treat cancer.43 Nevertheless, some clinicians remain
skeptical about the benefits of TTFields — perhaps because it
is so different from traditional cancer treatments.7,16,23,63 Further
research is underway that may clarify the place of TTFields in the
treatment of glioblastoma.
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