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1 Introduction: The Challenge of Glioblastoma

Imagine your brain as a bustling city, with billions of cells working together to help you
think, feel, and move. Sometimes, however, a group of cells starts to break the rules—they
grow too fast, spread into places they shouldn’t, and ignore all the usual safety checks.
This is what happens in cancer.

One of the toughest types of brain cancer is called glioblastoma (Figure 1). It’s like
a group of rogue builders in our city, rapidly constructing new buildings and spreading
into every corner. Glioblastoma is very hard to treat. Even with our best tools—surgery,
powerful medicines (chemotherapy), and focused energy beams (radiation therapy)—it
often comes back. That’s why scientists are searching for new ways to fight it.

Figure 1: MRI Image of a Glioblastoma before and after surgery1

2 A New Idea: Tumor Treating Fields (TTFs)

What if we could use electricity to stop cancer? It might sound strange, but that’s
exactly what Tumor Treating Fields (TTFs) do!

TTFs are a new, non-invasive treatment that uses gentle, alternating electric fields to
target cancer cells. Patients wear special electrode patches on their heads, and a portable
device sends safe, low-intensity electric fields through the brain. These fields are tuned to
a specific frequency (about 200,000 times per second!) that affects dividing cancer cells,
but leaves most healthy brain cells alone.
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3 How Do TTFs Work?

Figure 2 demonstrates the mechanisms of TTF: cells divide using tiny “ropes” called
microtubules, which help pull the cell apart into two new cells. The electric fields from
TTFs act like invisible hands, tangling up these ropes at just the right moment. The
cancer cell gets confused, can’t divide properly, and eventually dies. It’s a bit like trying
to split a rubber band in half while someone keeps twisting it!

Figure 2: Mechanism of Tumour Treating Fields2

There’s another clever effect, too. The electric fields can push and pull small parts
inside the cell (like chromosomes) using a process called dielectrophoresis. Imagine using
a magnet to move metal filings on a table—except here, the electric field is moving im-
portant cell parts. If the cell division goes wrong, the cell might end up with the wrong
number of chromosomes (a problem called aneuploidy), which usually makes it too sick
to survive.

4 The Problem: Tumors Are Messy

Here’s the catch: cancer cells in a tumor don’t all line up neatly. They’re arranged
in all sorts of random directions, like a pile of pick-up sticks. The standard TTF devices
usually send electric fields in just one or two directions, which means they might miss
some cells that aren’t lined up the “right” way.

5 My Project: Rotating Electric Fields

My research project asked a simple question: What if we could rotate the direction of
the electric fields, so we could catch more cancer cells no matter how they’re arranged?
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5.1 Step 1: Computer Modeling

First, I used a computer program called COMSOL Multiphysics to build a virtual
model of the experiment (Figure 3(left)). I created a digital petri dish, placed a model
tumor in the center, and surrounded it with eight electrodes. By running simulations, I
could see how the electric fields would move through the dish, how strong they would be,
and whether they would be safe (not too hot for the cells).

I tested different voltages, electrode placements, and tissue properties to make sure the
fields would reach the tumor at the right strength—about 2 volts per centimeter, which
is strong enough to affect cancer cells but gentle enough not to overheat them.

5.2 Step 2: Building the Experiment

Once the computer model looked good, I built the real thing. I designed a special
circuit board with eight platinum electrodes arranged around a petri dish. Using an Ar-
duino, I could switch the electric field from one pair of electrodes to the next, creating a
rotating effect—like spinning a lighthouse beam around the tumor!

Figure 3: (Left) Overview of the COMSOL model. (Right) Setup of the in vitro experi-
ment in the incubator

During the in vitro experiments (Figure 3(right)), I grew human glioblastoma cells in
the dish and exposed them to either static (unchanging) or rotating electric fields for up
to 72 hours. I also kept control groups with no electric fields for comparison.

5.3 Step 3: What Did I Find?

After the experiment, I looked at the cells under a microscope and measured how
many were alive and how healthy they were.

• Rotating electric fields caused more cancer cells to die and made the remaining cells
look more stressed and unhealthy compared to static fields or no fields.

• The longer the cells were exposed, the stronger the effect. After 72 hours, the
rotating fields had killed about 28% of the cancer cells, compared to about 24%
with static fields.
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• The results suggest that rotating the electric field can reach more cancer cells in
different orientations, making the treatment more effective.

6 Why Does This Matter?

This project shows that by thinking creatively—rotating the electric field instead of
keeping it still—we might be able to improve a promising new cancer treatment. It’s a
great example of how physics, engineering, and biology can work together to solve real-
world healthcare problems.

7 What’s Next?

My experiments were just the beginning. More research is needed to test this idea
in more complex models (like 3D mini-tumors or even animal studies), and to see if it
works with other types of cancer (Figure 4). My lab is also exploring how TTFs could be
combined with other treatments, like drug delivery, to make them even more powerful.

Figure 4: Roadmap of the present work: multi-orientation electrode arrays for precision
targeting of glioblastoma with TTFs
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