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ABSTRACT

Background and Purpose: Tumor treating fields (TTFields) are a non-invasive, efficacious treatment modality currently ap-
proved for supratentorial glioblastomas. Despite their ability to improve overall survival in supratentorial tumors, the current
placement ofarrays is limited to the supratentorial head, precluding its use in infratentorial tumors. Infratentorial malignancies
are in need of new therapy modalities given their poor prognoses in both children and adults. The aim of this research is to
determine whether rearrangement of TTFields may allow for management of infratentorial tumors.

Materials and methods: Delivery of TTFields using Novocure's prototype Optune™ device human male head model was
simulated based on brain MRIs from patients with brainstem gliomas to develop a novel array layout designed to extend
adequate infratentorial coverage.

Results: Array placement on the vertex, bilateral posterolateral occiput, and superior-posterior neck achieved intensities
above 1.1 V/cm (average 1.7 V/cm; maximum 2.3 V/cm) in the vertical field direction and above 1V/cm (average 2 V/cm; maxi-
mum 2.8 V/cm) in the horizontal field direction of the infratentorium. The calculated field intensity within the simulated tumors
were in the therapeutic range and demonstrated the effective delivery of TTFields to the infratentorial brain.

Conclusions: Our findings suggest that rearrangement of the TTFields standard array with placement of electrodes on the
vertex, bilateral posterolateral occiput, and superior-posterior neck allows for adequate electric field distribution in the in-
fratentorium that is within the therapeutic range.
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Introduction

Tumor treating fields (T TFields) improve over-
all survival and progression-free survival in supra-
tentorial glioblastoma (GBM) while demonstrating
an excellent therapeutic ratio with minimal side
effects, resulting in its adoption in the National
Comprehensive Cancer Network guidelines and
approval by the Food and Drug administration
(FDA) [1-3]. TTFields are delivered via two pairs
of transducer arrays placed on the head. TTFields
distribution within the brain is heterogeneous,
with the highest intensities achieved in the volume
of the brain tissue located between the transducer
arrays. Currently, placement of the arrays is limited
to the supratentorial head, resulting in low field
intensities in the infratentorial brain, limiting the
ability to treat infratentorial tumors with TTFields.
This is unfortunate, as infratentorial malignancies
have poor prognoses and are in need of new thera-
peutic options [4].

Previous in vitro therapeutic optimization of
electric field intensity and frequency for GBM
performed on a series of human and rat glioma
cells (i.e., U-118, U-87, F-98) revealed the opti-
mal frequency for treating GBMs to be 200 kHz,
with a threshold field intensity of 1 V/cm, above
which treatment becomes effective [5]. Preclini-
cal models used to establish the proof-of-concept
for the clinical investigational use of TTFields for
supratentorial GBM were createdintracranially in-
oculating Fischer rats with F-98 rat glioma cells
into the supratentorium; suggesting that the some
proof-of-concept and clinical results from supra-
tentorial GBM TTFields therapy can be extrapo-
lated towards high-grade gliomas located in other
anatomic regions, (i.e., the infratentorium) [6].

Herein, we address a major limitation of TT-
Fields in treating brain tumors by examining
a clinical array layout designed to extend adequate
therapeutic coverage to the infratentorium using
a simulation-based study design.

Materials and methods

The brain MRIs of two patients with high-grade
brainstem gliomas (one adult and one pediatric)
were taken retrospectively and used to develop
contoured and mock tumors that were superim-
posed on Novocure’s prototype Optune™ (Novocure

Itd, Haifa, Israel) device human male head model.
For the adult model, the tumor was manually con-
toured and placed within the prototype Optune™
device model. For the pediatric model, the tumor
was manually contoured; ellipsoids were then used
to create mock tumors roughly corresponding to
the actual glioma size on the patient’s MRI. The
prototype computerized model was then scaled to
the pediatric patient head size as calculated from
the MRI, and the mock tumor was placed within
the scaled model at a location that anatomically
corresponded to the MRI tumor location.

The array layouts for the pediatric and adult
models are presented in figure 1A and 1C, respec-
tively. The array layout was inspired by a patient
with a brainstem glioblastoma multiforme that was
unable to receive a therapeutic radiotherapy pre-
scription dose or concomitant chemotherapy due
to concern for unacceptable toxicity based on the
tumor location. Consequently, a clinician (M.R.E)
on the patient’s care team proposed a novel array
layout to extend TTField coverage to the patient’s
tumor site. The simulated arrays were paired with
the vertex being paired to the superior-posterior
neck and the right posterolateral occiput with the
left one.

Delivery of TTFields was simulated using the
prototype Optune™ model for both cases. To per-
form the simulations, virtual transducer arrays with
a geometry mimicking the geometry of the Op-
tune™ device were simulated on the models. These
transducer arrays comprise a set of 9 ceramic discs
(2 cm in diameter, 1 mm in thickness) in a rectan-
gular arrangement, which make contact with the
skin through thin layers of conducting medical gel
(0.5 mm in thickness). Following placement of the
arrays, dielectric properties were assigned to all
tissue types in the model and to the components
of the transducer arrays according to the values
shown in Table 3. The conductivity and dielectric
permitivity values for various tissues are based on
the values used in current clinical treatment plan-
ning for the Optune device.

A commercial numerical solver (Sim4Life v4.0,
ZMT Zurich) was used to calculate the electric field
distributions, such that the total current through
the device was equal to 2 Ampere Peak to Peak.
The electric field distribution within the head was
visualized using an isofield intensity (IFI) map
(i.e., curve on which the electric field intensity is
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constant) within the supratentorium, infratento-
rium and intratumoral anatomy. The IFI doses were
subsequently analyzed.

Results

Array placement on the vertex, bilateral pos-
terolateral occiput, and superior-posterior neck
achieved intensities that were above 1 V/cm (aver-
age 1.7 V/cm; maximum 2.3 V/cm) in the vertical
field direction and above 1 V/cm (average 2 V/cm;
maximum 2.8 V/cm) in the horizontal field direc-
tion in over 95% of the infratentorium (Fig. 1-4 and
Tab. 1, 2). The IFI intratumoral coverage ranged
from 1.31-1.71 V/cm and 0.98-2.04 V/cm in the
adult and pediatric model, respectively. These cal-

culated IFI lines demonstrate the ability of TTFields
to be delivered effectively to the infratentorial brain;
the simulated IFI lines are mostly within the known
therapeutic range for high-grade gliomas (Tab. 3).

Discussion

The Level I evidence demonstrating that TT-
Fields with temozolomide increases overall sur-
vival by more than 30% in newly diagnosed su-
pratentorial GBM, over temozolomide alone has
increased national TTField utilization [1-2, 7].The
success of TTFields for both recurrent and newly
diagnosed GBM has led to increasing attempts to
widen the scope of patients that are potentially eli-
gible to derive benefits from this therapy, including

Figure 1. Transducer array layouts for a pediatric model. The left-right layout is presented in the left, while the middle and

right figures show the anterior-posterior layout

Figure 2. Simulation-based array of a pediatric model with a high-grade brainstem glioma. The pediatric model
demonstrates layouts providing values above the 1 V/cm therapeutic threshold for TTF; the area demarcated in black
demonstrates the location of the glioma. In this model, we used ellipsoids to create mock tumors roughly corresponding to
the actual glioma location on the MRI. The computerized model was scaled to the actual patient head size as calculated from

the MRI, and the mock tumor was placed within the scaled model
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Figure 3. Simulation-based array of an adult with a brainstem high-grade glioma, demonstrating layouts providing values
above the 1V/cm therapeutic threshold for TTF; the area demarcated in black demonstrates the location of the glioma. In this
model, , the tumor was contoured and placed within a realistic human male head model (created in Novocure)

Figure 4. Simulation-based array of an adult model with a brainstem high-grade glioma, demonstrating layouts providing
values above the 1 V/cm therapeutic threshold for TTF; the area demarcated in black demonstrates the location of the glioma.
In this model, , the tumor was contoured and placed within a realistic human male head model (created in Novocure)

Table 1. Tumor treating field (TTField) intensity of
the tumor and infratentorium in pediatric model.
Anterioposterior (AP) and lateral (LR) views

Table 3. The electric conductivity and relative dielectric
permitivity of brain sub-atomic components.

Tissue Electric Relative dielectric
Tumor [V/cm] Infratentorium [V/cm] conductivity [S/m] permiflivity
AP 2.04 1.95 Scalp 0.3 5000
LR 0.98 1.72 Skull 0.08 200
Cerebrospinal fluid 1.79 110
. . Grey mater 0.25 3000
Table 2. Tumor treating field (TTField) intensity of the :
tumor and infratentorium in adult model. Anterioposterior White mater 0.12 2000
(AP) and lateral (LR) views Tumor 0.24 2000
Tumor [V/cm] Infratentorium [V/cm] Necrotic core 1 110
AP 171 1.82 Gel 0.1 100
LR 1.31 1.52 Disk 0 10000

a recent report of TTFields being used safely and
efficaciously to treat a GBM in a patient with a pre-
existing cardiac pacemaker [1-2, 8].

Other groups have recently investigated addi-
tional array configurations to provide infratento-
rial coverage by TTFields [9]. Lok et al. identified
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an optimal array placement that transposed the
standard supratentorial arrayplacement posteroin-
teriorly with an array placed on the posterior neck
and resulting sparing region on the occiput which
improved tumor coverage by 48.0% as measured
by the NovoTAL software. Our results confirm that
array placement on the posterior neck is required
to effectively increase the electric field intensity in
the infratentorium. Perhaps, reducing the spar-
ing region of the occiput, as seen in our proposed
placement would further increase the therapeutic
efficacy of the electric field coverage described by
Lok et al. [9].

One of the largest intracranial frontiers yet to be
conquered regarding TTField therapy is its present
inability to treat infratentorial disease. Our findings
indicate that rearranging the standard array place-
ment so that the arrays are placed on the vertex,
bilateral posterolateral occiput, and superior-poste-
rior neck results in adequate electric field distribu-
tion within the infratentorium so that IFI regions
are within the therapeutic range. Notably, coverage
within the mock pediatric tumor in the horizontal
direction was slightly subtherapeutic at 0.98 V/cm.
This finding is perhaps attributable to error related
to the ellipsoid approximation (versus utilizing
a true pediatric head model). Further simulations
with the now available NovoTAL software on actual
pediatric patient MRIs may elucidate a more accu-
rate measure of TTFields infratentorial coverage in
pediatric patients.

Conclusions

Our results provide a rationale for clinical inves-
tigations evaluating T'TField treatment of infraten-
torial high-grade gliomas. While optimal thera-
peutic frequency is inversely related to tumor cell
size, it is independent of tumor molecular profiles.
Extrapolation of in vitro and preclinical GBM data
could further be used to optimize TTField frequen-
cy with our proposed array layout, to include the
investigational treatment of other high-grade in-
fratentorial tumors, such as diffuse intrapontine gli-
oma (DIPG), ependymoma and medulloblastoma.
Current treatments for DIPG and other infratento-
rial tumors, particularly in the pediatric population
are modestly efficacious. Extending the use of TT-
Fields for the pediatric population could produce

tremendously meaningful clinical outcomes with
minimal toxicities.
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