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Computer Program Finds New
Uses for Old Drugs
Researchers repurpose pain meds to kill cancer cells

R

esearchers at the Case Comprehensive Cancer Center at Case Western
Reserve University School of Medicine have developed a computer
program to find new indications for old drugs. The computer program,
called DrugPredict, matches existing data about FDA-approved drugs to
diseases, and predicts potential drug efficacy. In a recent study published in
Oncogene, the researchers successfully translated DrugPredict results into
the laboratory, and showed common pain medications—like aspirin—can kill
patient-derived epithelial ovarian cancer cells.
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In the new study, DrugPredict
suggested non-steroidal antiinflammatory drugs, also known as
NSAIDs, could have applications
for epithelial ovarian cancer. The
researchers exposed patientderived epithelial ovarian cancer
cells growing in their laboratory to
a specific NSAID, indomethacin,
and confirmed the DrugPredict
finding. Indomethacin killed both
drug-resistant and drug-sensitive
epithelial ovarian cancer cells.
Interestingly,
cisplatin-resistant
epithelial ovarian cancer cells were
most sensitive to indomethacin.
When the researchers added
chemotherapy drugs to the
experiments, the cancer cells died
even faster. The findings could
represent the first step toward a
new therapy regimen for epithelial
ovarian cancer.
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Epithelial ovarian cancer is the
fifth leading cause of cancer deaths
in women, killing approximately
14,000 women annually in the
United States. Available therapies
are only moderately successful,
with more than 70 percent of
women dying within five years
of diagnosis. According to the
authors, part of the challenge in
developing new ovarian cancer
drugs lies in escalating clinical
trial costs and lengthy drug
development timelines. Programs
like DrugPredict could “reposition”
FDA-approved medications for
new indications—a more efficient
strategy.
“Traditional drug discovery
process takes an average of 14
years and billions of dollars of
investment for a lead anti-cancer
drug to make the transition from
lab to clinic,” said study first author
Anil Belur Nagaraj, PhD, research
associate at Case Western Reserve
University School of Medicine.
“Drug re-positioning significantly
shortens the long lag-phase in
drug discovery and also reduces
the associated cost.”
DrugPredict was developed by

co-first author QuanQiu Wang of
ThinTek, LLC, and co-senior author
Rong Xu, PhD, associate professor
of biomedical informatics in the
department of population and
quantitative health sciences at
Case Western Reserve University
School of Medicine. The program
works by connecting computergenerated drug profiles—including
mechanisms of action, clinical
efficacy, and side effects— with
information about how a molecule
may interact with human proteins
in specific diseases, such as ovarian
cancer.
DrugPredict
searches
databases of FDA-approved drugs,
chemicals, and other naturally
occurring compounds. It finds
compounds with characteristics
related to a disease-fighting
mechanism.
These
include
observable
characteristics—
phenotypes—and genetic factors
that may influence drug efficacy.
Researchers
can
collaborate
with Xu to input a disease into
DrugPredict and receive an output
list of drugs—or potential drugs—
with molecular features that
correlate with strategies to fight
the disease.
“For any given disease,
DrugPredict
simultaneously
performs both a target-based, and
phenotypic screening of over half
a million chemicals, all in just a few
minutes,” Xu said.
In the Oncogene study,
DrugPredict
produced
a
prioritized list of 6,996 chemicals
with potential to treat epithelial
ovarian cancer. At the top of the
list were 15 drugs already FDAapproved to treat the cancer,
helping to validate the DrugPredict
approach. Of other FDA-approved
medications on the list, NSAIDs
ranked significantly higher than
other drug classes. The researchers
combined the DrugPredict results
with anecdotal evidence about
NSAIDs and cancer before
confirming DrugPredict results in
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their laboratory experiments.
The program could help identify
safe alternatives for diseases—like
epithelial ovarian cancer—that
desperately require new treatment
options. “The primary advantage of
drug re-positioning over traditional
drug development is that it starts
from compounds with wellcharacterized pharmacology and
safety profiles. This significantly
reduces the risk of adverse effects
and attrition in clinical trials,” Xu
said.
“By combining my laboratory’s
expertise in ovarian cancer
biology and Dr. Xu’s expertise in
bioinformatics, we were able to
uncover a potentially novel drug
approach to treat ovarian cancer,”
said co-senior authorAnalisa DiFeo,
PhD, the Norma C. and Albert I.
Geller Designated Professor of
Ovarian Cancer Research and
assistant professor in the Case
Comprehensive Cancer Center at
Case Western Reserve University
School of Medicine.
Said Nagaraj, “Currently there
are no drugs targeting cancer stem
cells being evaluated in ovarian
cancer clinical trials. Our results
provide a rationale to test NSAIDs
like Indomethacin as a novel drug
in ovarian cancer clinical trials.”
DiFeo is planning to test
indomethacin’s abilityto specifically
target ovarian cancer stem cells
in patient tumors in a phase 1
clinical trial. She will conduct the
trial in collaboration with Steven
Waggoner, MD, division chief of
gynecologic oncology at University
Hospitals Seidman Cancer Center
and professor of obstetrics and
gynecology at Case Western
Reserve University School of
Medicine.

Source: Case Western Reserve
University
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Rousing Masses to Fight
Cancer with Open-Source
Machine Learning
By Ben Brumfield
Image above: A dying cancer cell with filopodia stretched out to its right. The protrusions help cancer migrate. Stock
NIH NCMIR image. The image does not display a cell treated in the Georgia Tech study. Credit: NIH-funded image of
HeLa cell / National Center for Microscopy and Imaging Research / Thomas Deerinck / Mark Ellisman.
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H

ere’s an open invitation to steal.
It goes out to cancer fighters
and tempts them with a new
program that predicts cancer
drug effectiveness via machine
learning and raw genetic data.
The researchers who built the
program at the Georgia Institute
of Technology would like cancer
fighters to take it for free, or
even just swipe parts of their
programming code, so they’ve
made it open source. They hope to
attract a crowd of researchers who
will also share their own cancer
and computer expertise and data
to improve upon the program and
save more lives together.
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The researchers’ invitation to
take their code is also a gauntlet.
They’re challenging others
to come beat them at their own
game and help hone a formidable
software tool for the greater good.
Not onlythe laborbut also the fruits
will remain openly accessible to
benefit the treatment of patients
as best possible.
“We don’t want to hold the
code or data for ourselves or
make profits with this,” said John
McDonald, the director of Georgia
Tech’s Integrated Cancer Research
Center. “We want to keep this
wide open so it will spread.”

The goods
Researchers
wanting
to
participate can follow this link to a
new study published on October
26, 2017, in the journal PLOS
One. There they will find links
to download the software from
GitHub and to access the code.
They’ll start out with a current

program that has been about 85%
accurate in assessing treatment
effectiveness of nine drugs across
the genetic data of 273 cancer
patients. The study by McDonald
and collaborator Fredrik Vannberg
details how and why.
“Nine drugs are in the published
study, but we’ve actually run about
120 drugs through the program all
total,” said Vannberg, an assistant
professor in Georgia Tech’s School
of Biological Sciences.
The program uses proven
machine learning mechanisms
and also normalizes data.
The latter allows the machine
learning to work with data from
varying sources by making them
compatible.

The bias
And the researchers have
reduced human bias about which
data are important for predicting
outcomes.

Above: John McDonald, the director of Georgia Tech’s Integrated Cancer Research Center
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“It’s much more effective to put in
loads of raw data and let the algorithm
sort it out,” McDonald said. “It’s
looking for correlations, not causes,
so it’s not good to preselect data for
what you suspect are most relevant.”
One big bias the researchers
tossed out was a concentration only
on gene expression data pertaining to
the specific type of cancer they were
aiming to treat.
“It turns out that it’s better to
give the program data from a broad
diversity of cancers, and that will
actually later give a better prediction
of drug effectiveness for a specific
cancer like breast cancer,” Vannberg
said.
“On a molecular level, some
breast cancers, for example, are
going to be more similar to some
ovarian cancers than to other breast
cancers,” McDonald said. “We just
let the algorithm work with about
everything we had, and we got high
accuracy.”

The winners
The researchers also want the
project to pool large amounts of
anonymous patient treatment success
and failure data, which will help the
program optimize predictions for
everyone’s benefit. But that doesn’t
mean some companies can’t benefit,
too.
“If a company comes along and
makes profits while using the program
to help patients, that’s fine, and there’s
no obligation to give back to the
project,” said McDonald, who is also
a professor in Georgia Tech’s School
of Biological Sciences. “Others may
just take if they so please.”
But hopefully, most players will
catch the spirit of kindness.
“With
our
project,
we’re
advertising that sharing should be
what everybody does,” Vannberg said.
“This can be a win for everybody, but
really it’s a win for the cancer patients.”
Source: Georgia Tech

Above: Ovarian cancer cells stained blue under the microscope.
Image: Georgia Tech / McDonald
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