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Sugar Helps Scientists Find and Assess
Prostate Tumors
New GE Technology Enables UCSF Researchers to Safely Detect Tumors
in Real Time

By Kristen Bole on August 19, 2013
Follow Follow @kristenbole@kristenbole Email

A natural form of sugar
could offer a new,
noninvasive way to
precisely image tumors
and potentially see
whether cancer
medication is effective,
by means of a new
imaging technology
developed at UC San
Francisco in
collaboration with GE
Healthcare.

The technology uses a
compound called pyruvate,
which is created when
glucose breaks down in the body and which normally supplies energy to cells. In cancer,
however, pyruvate is more frequently converted to a different compound, known as lactate.

Previous animal studies showed that scientists could track the levels of pyruvate as it is
converted to lactate via magnetic resonance imaging (MRI), by using a technology called
hyperpolarization and injecting the hyperpolarized pyruvate into the body. The amount of lactate
produced and rate of conversion enabled researchers to precisely detect the limits of a mouse’s
tumor, identify which cancers were most aggressive and track early biochemical changes as
tumors responded to medication, long before physical changes occurred.

Now, a 31-patient study performed by scientists at UCSF and their collaborators at GE
Healthcare has shown that the technology is safe in humans and effectively detects tumors in
patients with prostate cancer.

Findings appeared online in the Aug. 14 issue of Science Translational Medicine.

Diagnosing Cancers Without Biopsies
While this first-in-human study was designed to identify a safe dosage and verify effectiveness, it
lays the groundwork for using the technology to diagnose a variety of cancers and track
treatment noninvasively, without conducting repeated biopsies.

“We now have a safe dose for patients – that was our
primary goal,” said Sarah J. Nelson, PhD, a UCSF professor
of radiology and director of the Surbeck Laboratory of
Advanced Imaging at UCSF, who was lead author on the
study and led a diverse team on this project.

“In animal models, the amount of lactate over pyruvate is
directly related to the aggressiveness of the cancer. We also
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Sarah J. Nelson, PhD

Eric Small, MD

Key Industry Partners for UCSF

UCSF has forged a number of important industry
partnerships to help move cutting-edge research more
quickly from the laboratory to clinical trials and patient
treatments. Here are some of the University's key partners:

Abbott Diagnostics – Launched in 2008 for viral
diagnostics and discovery

Bayer Healthcare – Launched in 2011 as a master
agreement for basic research

GE Healthcare – Launched in 2005 for prostate and
brain tumor diagnosis

Genentech Inc. (now part of Roche Group) – Launched
in 2005 as a master agreement

Merck-OncoNet – Launched in 2010 for an oncology
clinical trials network

Nikon Instruments, Inc.  – Launched in 2006 for the
Nikon Imaging Center for basic research

Pfizer Inc. – Launched in 2010 as a master agreement
for basic research

Sanofi – Launched in 2011 and 2012 for innovative
research projects, oncology and diabetes 

have a lot of data that show it’s reduced in cancers after
treatment,” she said. “This is a very ubiquitous molecule that
will be important in tailoring treatments to specific
individuals.”

Prostate cancer is the most common form of cancer, with
more than 200,000 new cases reported each year in the
United States, according to the Centers for Disease Control
and Prevention. The increased use of prostate-specific

antigen (PSA) levels for screening men has been widely recognized as having identified more
patients with prostate cancer at an earlier, and potentially more treatable, stage. Many of those
tumors are slow growing, but it is difficult to predict which those are.

For an oncologist, this real-time imaging could provide
immediate feedback on whether a patient should continue
active surveillance of the tumor or pursue treatment, and also
whether a therapy is working, either during standard
treatment or in a clinical trial.

“There are natural risks in any treatment for prostate cancer,
including radiation therapy and surgery. Those risks can
have an enormous impact on the patient’s quality of life,” said
UCSF oncologist Eric Small, MD, a co-author on the paper,
UCSF professor of medicine and urology, and deputy
director of the UCSF Helen Diller Family Comprehensive
Cancer Center. “This technology begins to give us the ability
to more accurately assess the extent and risk of an individual
patient’s actual cancer, which is absolutely critical, but so far
is largely an unmet medical need.”

Collaboration with GE Healthcare
The technology developed out of a collaboration that began nearly eight years ago, when GE
Healthcare approached UCSF to see whether it could translate technology it had developed with
researchers in Sweden into a clinical application.

The hyperpolarizing technology had
been shown to detect animal tumors,
but converting that for clinical use
was a formidable challenge.

UCSF pulled together a team of
researchers ranging from
oncologists and radiologists to
clinical pharmacists with the precise
knowledge of building clean-rooms
for pharmaceutical production. At the
time, Nelson also was the scientific
director of the UCSF arm of the
California Institute for Quantitative
Biosciences (QB3), which supports
both basic and translational science
at the crossroads of biology and the
quantitative sciences, such as
imaging and bioinformatics.

“UCSF and QB3 offered an unusual
combination of talent all in one
location. They brought together the
best engineering from UC Berkeley
and the best bioscience and
pharmacy knowledge from UCSF,
and are now demonstrating the
technology in a world-renowned
academic medical center,” said
Jonathan Murray, managing director
of Research Circle Technology at GE Healthcare and a co-author on the paper. “At GE
Healthcare, we are delighted with the speed of progress of this collaboration. The science is very

http://profiles.ucsf.edu/eric.small
http://cancer.ucsf.edu/
http://www.qb3.org/
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In the clinical research study, the hyperpolarized pyruvate imaging agent is con-
verted into lactate at tumor sites and shown in pink on MRI scans of prostate cancer
patients.

UCSF and QB3 offered an unusual
combination of talent all in one
location. They brought together the best
engineering from UC Berkeley and the best
bioscience and pharmacy knowledge from
UCSF, and are now demonstrating the
technology in a world-renowned academic
medical center.

Jonathan Murray, managing director of Research Circle
Technology at GE Healthcare

Share this story:

Healthcare, we are delighted with the speed of progress of this collaboration. The science is very
exciting.”

Success with Prostate Cancer Patients
In the clinical research study, which started in December 2010, the researchers labeled pyruvate
with carbon-13 and injected this “hyperpolarized pyruvate” imaging agent into 31 prostate cancer
patients in the UCSF Medical Center and UCSF Helen Diller Family Comprehensive Cancer
Center. The team then used an MRI to follow pyruvate and its conversion to lactate in the
prostate.

As in previous studies in mice, the higher, more intense signals indicated a more rapid
conversion to lactate, possibly a sign of more aggressive cancer. In contrast, there was very
limited conversion detected in normal prostate.

The study deliberately
focused on patients with
low-grade tumors who had
not yet received treatment,
to identify the safe and
appropriate dosage of
pyruvate needed. Future
studies will use the
technology to assess the
effectiveness of a patient’s
cancer therapy in shrinking

their tumor – knowledge that will enable physicians to assess the dosage of chemotherapy
needed on an individual basis.

While potential commercial
use is still five to 10 years
away, the UCSF team has
received grants to extend
the technology for studies in
patients with cancers of the
brain, breast, liver, lymph
glands, pancreas and
prostate. GE Healthcare also
has developed equipment to
process the hyperpolarized
pyruvate in a less technical
environment, enabling a
broader clinical trial in the
future.

The project was funded
through the National Institute
of Biomedical Imaging and
Bioengineering (NIH grants R01 EB007588 and R21 EB005363). The polarizer and costs of the
13C patient studies were supported with funding from GE Healthcare. Some of the MRI
acquisition methods have been patented; the authors declare no other competing interests.

Additional UCSF co-authors on the project include John Kurhanewicz, PhD; Daniel B. Vigneron,
PhD; Peder E. Z. Larson, PhD; Andrea L. Harzstark, MD; Marcus Ferrone, PharmD; Mark van
Criekinge, MS; Jose W. Chang; Robert Bok, MD, PhD; Ilwoo Park; Galen Reed; Lucas Carvajal;
Pamela Munster, MD; and Vivian K. Weinberg, PhD. Additional co-authors include Jan Henrik
Ardenkjaer-Larsen, Albert P. Chen, Ralph E. Hurd, Liv-Ingrid Odegardstuen, James Tropp and
Jonathan A. Murray from General Electric Healthcare, Waukesha, WI; and Fraser J. Robb, from
USA Instruments, Inc., Aurora, OH.

Full results and author contributions can be found in the paper, "Metabolic imaging of patients
with prostate cancer using hyperpolarized [1-13C] pyruvate." Sci. Transl. Med. 5, 198ra108
(2013).

These concepts are still investigational and not being offered for sale, nor have they been
cleared or approved by the FDA for commercial availability.
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