


SLAC software finds place in
cancer battle

Linear Accelerator Center to simulate showers of
high-energy particles is finding extensive use in
cancer therapy.

Ralph Nelson of SLAC’s Radiation Physics department
originally wrote the EGS (for Electron-Gamma Shower) software
to mimic the streams of energetic electrons and photons that
flow through particle detectors and shielding. Medical
physicists then adapted the program to aid in planning X-ray
treatments to reduce
or eliminate tumors.

EGS can simulate
the paths and energy
deposits of particles
in an endless variety
of materials and
geometries. In the
late 1980s,
researchers at the
National Research
Council of Canada
extended the
software to include
lower-energy
electrons and
photons that arise in
medical applications.
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When a patient goes under an X-ray machine, it is crucial
to concentrate as much energy as possible on the tumor and
minimize what strikes nearby healthy tissues. Using EGS,
therapists can design X-ray beam configurations to achieve this
goal.

“The medical community’s response to EGS has been
overwhelming,” says Nelson, who is pleased that his program
has found such wide, beneficial applications. More than 60
percent of its use, he estimates, occurs in medicine. One reason
for this growth, he surmises, is the exponential increase in
computer power due to faster microchips. The long, detailed
Monte Carlo simulations, which originally required a large
mainframe computer, can now be done on a desktop
computer.

Such computer power permits use of EGS in planning
treatments for individual patients, which medical physicists are
pursuing at nearby Stanford Medical Center. This approach
helps reduce errors that can occur when a tumor is small or
located in sensitive areas such as the head, neck or lungs.

Q computer program developed at DOE’s Stanford

Monte Carlo

Submitted by DOE’s Stanford Linear Accelerator Center

ADDICTED TO SCIENCE

1 Nora Volkow, associate
laboratory director for Life
Sciences at DOE’s

. "4 ¥ Brookhaven National

i 4 Laboratory, has a hunger for
Nora Volkow knowledge that would rival
a cocaine addict’s craving for the drug.
Through science, she seeks to understand the
very source of understanding—the human
brain.

Within the past year alone, she has
published studies on how Ritalin, the drug
commonly prescribed for Attention Deficit
Hyperactivity Disorder (ADHD), helps children
to concentrate; how aging depletes certain
brain chemicals associated with sensing
pleasure and reward; and how obese people’s
brains differ from normal-weight subjects’.

But Volkow’s chief obsession is pinning
down the biochemical nature of drug
addiction. Through years of research using
specifically tailored radiotracers and
Brookhaven’s positron emission tomography
(PET) scanners, Volkow has mapped the
neurological actions of a wide range of
addictive drugs, including cocaine,
methamphetamine, marijuana, alcohol, and
nicotine. “All interfere with the brain’s
pleasure and reward circuits,” Volkow says.

Specifically, these drugs affect the brain’s
supply of dopamine, a neurotransmitter that
produces feelings of satisfaction and pleasure.
Initially, addictive drugs produce increases in
dopamine, which accounts for the ‘high’
many drug users experience. But Volkow’s PET
studies have shown that, over time, “drug
abusers lose dopamine receptors, so they lose
the ability to respond to dopamine and cease
to experience the pleasure,” Volkow says. The
desire for the pleasure, however, does not go
away. So abusers take more of the drug to try
to achieve it.

A board-certified psychiatrist, Volkow
hopes to use her research to find an effective
pharmacological treatment for addiction.
“Through knowledge of what drugs do to the
human brain, we may be able to understand
better why people become addicted, and to
develop better treatments for addiction and
for prevention,” she says. One such treatment
is currently being investigated in collaboration
with Brookhaven’s Chemistry Department.
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