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Introduction

> Glioblastoma (GBM)
o High mortality and morbidity
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Introduction

> Glioblastoma (GBM)

o High mortality and morbidity
o Standard treatment

m Surgery

m Radiation

m Chemotherapy

> Alternating electric field (AEF) therapy
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Alternating Electric Fields (AEF) Therapy

. e Waveform generator
> Alternating electric fields

o 100-300 kHz @
o 1-3 V/Cm W\\/\w
+AEFs
Tumor
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Alternating Electric Fields (AEF) Therapy

> Alternating electric fields

o 100-300 kHz
o 1-3V/cm

> FDA-approval

o EF-11 trial
m 2011 for recurrent GBM
o EF-14 trial
m 2015 for newly diagnosed GBM
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Motivation

> Limited of in vivo studies

o Incomplete knowledge of AEFs

inovitro™ Lab Research System  [3]
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Motivation

> Limited of in vivo studies
o Incomplete knowledge of AEFs
> Ultimate goal
o A systematic AEF platform for small animal applications

>> Computational work

o Customized AEF transducers
m Titanium screws and metal caps
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Fundamental Principles of AEFs

> Electric field -

o Intermediate frequency +
m  100-500 kHz :
+—
m Kirson and Palti . |

e 1.5V/cm at 200 kHz

Constant, uniform electric field

Charge —| «—()—>

+/-

-
+

) —)
Dipole — ¢ @

Alternating electric fields (4]
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Biological Effects of AEFs
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Metaphase

Mitosis

[5]

Telophase
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Biological Effects of AEFs
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Clinical AEF Apparatus

> Optune™ System

o Novocure Ltd.

(A)

[6]
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Clinical AEF Apparatus

> Optune™ System
o Electrode (i.e. PMN-PT, € =5000)

Flexible
circuit board

Ceramic discs (9)
« Hydrogel covered

Medical tape/
Bandage material

Plastic coated wire that
plugs into connection
cable to device

[7]
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Computational Simulations

> Ansys Electronics

> Simulation models

o Asimplified rat head model with a tumor and AEF electrodes
m Three AEF electrode models

AEF
Transducer

Glioblastoma
Tumor
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Computational Modeling

> Simplified rat head model

Scalp ——

o 17.4mmHx30mmD P Brain (WM)
Skull

o 4 layers

o Human glioblastoma Cerebrospinal

Fluid (CSF)

Tumor
Core

Tumor Shell

0 10 20 (mm)
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Computational Modeling

> Three AEF electrode models

o Model 1 - Baseline transducers
o Model 2 - Baseline transducers mounted to titanium screws
o Model 3 - Customized transducers
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Computational Modeling

> Model 1 Scalp

o “Baseline” transducers Skull

Brain (WM)

m 10 mm diameter CSF
m Copper plate
m Ceramic
Copper
m  Hydrogel Ceramic —> -
— Core
Tumor Shell
Hydrogel

0 10 20 (mm)
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Computational Modeling

>  Model 2 Scalp

o Baseline transducers Skull Brain (WM)

m Titanium (Ti) screws CSF
e OsteoMed, TX
Copper
Ceramic —>
Ti Screw e

Cement

Tumor Shell

Hydrogel

0 10 20 (mm)



A D AVT AD SCHOOL OF ENGINEERING
bAﬁl L()P\ AND COMPUTER SCIENCE

Computational Modeling

> Model 3 Scalp
Skull

CSF

o Customized transducers
m Tiscrews
m Metal caps

e Aluminum Copper
Ceramic
TiScrew i b

Cement ) 0
Hydrogel

Metal Cap

0 10 20 (mm)
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Testing Parameters

> Three simulation models

o Model 1 - Baseline transducers
o Model 2 - Baseline transducers mounted to titanium screws
o Model 3 - Customized transducers

> Ansys Electronics

o HFSS
m 42V at200kHz
o Icepak

m Room temperature at 24°C
m No physiological processes (blood flow and metabolic heat)
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Brain (WM)

Model 1 - Baseline AEF Transducers
(no Ti screws, no metal caps)

E Field .
[V/em] =N Brain (WM)
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1.6
1.1
0.5
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Brain (WM)

MOdEl 2 - Baseline AEF Transducers mounted to Ti screws
(no metal caps)

E Field Brain (WM)

.
e & 4
E -\

] e




i , SCHOOL OF ENGINEERING
g B\A\\/] L(\)R \\\'Il> ( k".'\kﬂ’l !'I ER \'\'H-"\\'L'I’

Brain (WM)

Model 3 - customized AEF Transducers
(Ti screws and metal caps)
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Brain (WM)

Table 2. Mean AEF strength (V/cm) in the brain (WM), tumor shell, and tumor core

Mean AEF strength (V/cm)
Model Simulation Description Brain (WM) Tumor shell Tumor core

1 Baseline AEF transducers 1.2 1.8 1.1
2 Baseline AEF transducers j ) 1.9 11
_ _ _ _mounted to titanium screws __ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _
| 3 Customized AEF transducers 1.5 2.4 1.4 | Gl

> Tumor shell: ¥26% improvement in mean field strength

Brain (WM)

Tumor %
Core

Tumor Shell
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Brain (WM)

Table 2. Mean AEF strength (V/cm) in the brain (WM), tumor shell, and tumor core

Mean AEF strength (V/cm)
Model Simulation Description Brain (WM) Tumor shell Tumor core

1 Baseline AEF transducers 1.2 1.8 1.1
2 Baseline AEF transducers j ) 1.9 11
_ _ _ _mounted to titanium screws __ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _
| 3 Customized AEF transducers 1.5 2.4 1.4 | Gl

> Tumor shell: ¥26% improvement in mean field strength

Table 3. Other measurements

Model Simulation Description Thermal load (°C) Power (W)
on scalp across the electrodes
1 Baseline AEF transducers 9.1 0.2 Brain (WM)
2 Baseline AEF transducers 9.5 0.2
_ _ _ _mounted to titanium screws __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
| 3 Customized AEF transducers 6.3 0.3 | )

Tumor Shell

> Scalp: ~30% reduction in thermal load
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Summary

>> Computational work Scalp
o Mean AEF strength >2 V/cm in Skl Brain (WM)

CSF
the active shell
o Thermal load reduction of 30%

Copper
on the scalp Ceramic
Ti Screw e
Cement : Tumor Shell
Hydrogel

Metal Cap

C
0 10 20 (mm)
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Future Research

> Verify the performance of the proposed AEF device in tissue-mimicking

phantoms
> MCU-based AEF device

O  Animal testings
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