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Director’s Update

Advances in Imaging Reveal New
and Better Ways to Fight Cancer

Imaging may be the most rapidly
advancing technology in oncology
today. Far beyond the traditional uses
to screen, stage disease, and follow
patients for recurrence or progres-
sion, we now have the ability to
image across various levels of biologi-
cal organization, not just organs or
tumors, but also molecules, single
cells, and tissues. Such information—
obtained in real time and noninva-
sively—can provide important details
about whether patients may be candi-
dates for certain therapies or provide a
rapid assessment of whether they are
responding to treatment.

This special issue of the NCI Cancer
Bulletin provides a window into just
some of the exciting work being done
in the field of cancer imaging, from
individual research projects to NCI's
support of companies developing new
imaging technologies through our
Small Business Innovation Research
Program or through collaborations
with private-sector partners as part
of NCI's recently launched Advanced
Technology Partnerships Initiative.

The extent of the activity in this field is
truly remarkable and too broad for us

(continued on page 2)

Clinic Will Speed Drug Development

When NCI's new
Molecular Imaging
Clinic opens in January
20009, it will be one of
the few places in the
world where state-of-
the-art imaging tools
are dedicated to under-
standing how drugs
behave in people with
cancer. What is learned
there could help inves-
tigators determine how
best to use existing
drugs and determine
the properties of new
molecularly targeted
drugs that are just entering the clinic.

“Our goal is to use advanced imaging
technologies to accelerate the devel-

3 Tesla MRI—which produced
this high-resolution, color-
coded scan of a prostate can-
cer patient—is just one of the
technologies that will be avail-
able through the new Molecular
Imaging Clinic.

opment of therapies for
cancer, said Dr. Peter
Choyke, who directs
the Molecular Imaging
Program in NCI's
Center for Cancer
Research (CCR). He
has assembled a
multidisciplinary team
that includes imaging
scientists, chemists,
physicists, engineers,
oncologists, and
molecular biologists.
They have many col-
laborators inside and
outside NCI.

The clinic was created in part because

the existing imaging tools in the

(continued on page 2)
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(Director’s Update continued from page 1)

to do it justice in 8 pages. Researchers
from the Siteman Cancer Center in
St. Louis, part of the NCI Alliance

for Nanotechnology in Cancer, for
instance, are using nanoparticles

as part of an MRI scan to construct
three-dimensional maps of tumor-
induced angiogenesis and monitor the
effects of drug therapies on those new
blood vessels. Other researchers are
modifying targeted therapies so that
they can be used as imaging agents.

Imaging advances may be able to
vastly improve standard treatments
like surgery. For instance, a team in
NCT’s Center for Cancer Research
(CCR), led by Dr. Hisataka Kobayashi,
has developed a fluorescently tagged
cancer-specific antibody that can

put a spotlight on micrometastases.
Although still at the preclinical stage,

this work has the potential to allow
cancer surgeons to eradicate insidious
tumor “seedlings” well before

they have the chance to threaten a
patient’s life.

Advances in imaging technology are
also providing investigators with

the means to explore entirely new
realms of molecular biology. In CCR,
Dr. Tom Misteli is using live-cell imag-
ing and high-resolution microscopy
to map the position of chromosomes
within a cell’s nucleus, something

Dr. Misteli and his team have found
can influence how cells function dur-
ing processes like early tumorigenesis.
Their work may eventually point to
new possibilities for early detection.

My belief is that every clinical trial
should have an imaging component
to help answer important research

questions. Along those lines, NCI’s
new Molecular Imaging Clinic at

the NIH Clinical Center will play a
pivotal role in allowing researchers to
quickly assess whether a drug is likely
to have its intended biological effects.
Such information will speed the
development of new drugs into more
advanced trials, saving both time and
valuable resources.

I hope you find this special issue
informative. It underscores the fact
that translating this research into the
everyday care of patients and the con-
duct of clinical trials is a high priority
for NCI. The progress to date has
been remarkable, and I'm confident
that its impact on the cancer burden
will be substantial.

Dr. John E. Niederhuber
Director, National Cancer Institute

(Clinic continued from page 1)

NIH Clinical Center were needed for
patient studies, leaving little time for
translational research. As molecularly
targeted therapies were emerging
several years ago, NCI officials saw
the potential importance of imaging
studies in drug development.

“Imaging can answer three important
questions,” said Dr. Choyke. “Does a
patient have the target of a particular
drug? Does the drug hit the target?
And if so, does it do anything help-
ful for the patient?” When imaging
shows that a drug has not reached its
destination, researchers can modify
the drug or its delivery. Or, they can
abandon the project and redirect pre-
cious resources elsewhere.

The new facility has undergone exten-
sive renovation and will have the latest
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scanners for detecting cancer and
tracking drugs in the body, including
a PET/CT unit, which can simultane-
ously capture PET and CT images,
and 3 Tesla whole-body MRI.

Imaging studies are underway to study
the behavior of drugs such as tras-
tuzumab (Herceptin). Experimental
imaging agents also will be tested in
phase O trials—small studies in which
patients receive a very low dose of

an experimental drug to determine
whether it behaves in people as it does
in animal or cell models.

Many studies will be partnerships
with investigators at NCI, other
institutions, pharmaceutical com-
panies, and the imaging-equipment
industry. NCI's Division of Cancer
Treatment and Diagnosis played an
integral role in the clinic’s develop-

ment and provides critical materials
such as radioactive substances that
are attached to drugs.

Radiolabeled drugs are given at low
doses so they do not result in physi-
ologic effects, but they still go to the
same places in the body as drugs giv-
en at therapeutic doses. Investigators
may eventually make “go” or “no-go”
decisions about new drugs based in
part on whether they hit their target
and whether they have off-target
(side) effects.

“Our mission is to use the cameras

to do translational studies that will
make drug development faster;” said
Dr. Karen Kurdziel, who directs the
new clinic. “There are very few imag-
ing centers dedicated to drug discov-
ery and research. We have an incred-
ible opportunity here”
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A Conversation with Dr. Sriram Subramaniam

What is your mission?

Our mission is to develop imaging technologies that
can begin to zero in on cells and viruses at progressively
higher resolutions. It seems like science fiction, but by
using advanced imaging methods and computational
tools, one can, in essence, walk into a cell and “see” the
structures of specific molecules. This information is
critical to understanding how cells are organized, and

it also advances our efforts at NCI to discover what
makes cancer cells different from normal cells and to
design more effective vaccines strategies against HIV.
Our technologies are especially powerful for addressing
questions in structural biology that have not been tack-
led previously because the necessary tools did not exist.

What are your interests?
In the spectrum of imaging that runs from small mol-
ecules all the way up to humans, there are many gaps
in what can be captured. We are most interested in the
gap between molecules and cells, which
includes structures such as retroviruses
and mitochondria, the energy produc-
ers of cells. These structures carry out
important work, yet they cannot be easily
studied at molecular resolution by con-
ventional imaging tools.

Have your melanoma studies
revealed surprises?

Yes. These studies have provided fas-
cinating glimpses of the interior of the
cell. We have seen shapes that don’t look
anything like what you might expect
based on textbook pictures from electron
microscopic imaging of thin sections
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Dr. Sriram Subramaniam and his team in CCR’s Laboratory of Cell Biology develop tools
and strategies for capturing images of cells and viruses, with a focus on HIV and cancer.
His group recently won an award for the image of a melanoma cell (below) and published
three-dimensional (3D) images of the structures HIV uses to enter cells, created with a
technique called electron tomography.

through these cells. We have also figured out how to
translate these images into three dimensions and are
developing automated tools to extract the wealth of
structural information in these 3D cellular images.

How is this information relevant

to patients?

Our technology allows you to mine the cell images

for “markers” that may be related to the fate of the cell
or the distribution of antigenic markers and drugs.

For instance, we can quickly determine if there are
changes in the proportion of the volume of a melanoma
cell that is occupied by mitochondria and connect this
information with biochemical findings. These are still
early days, but this or a similar quantitative marker
based on novel imaging tools may provide diagnostic
or prognostic information on cancer. We are essentially
charting new territory in documenting what happens
within the cell. ¢

This 3D image of a human mela-
noma cell won Dr. Subramaniam’s
laboratory honorable mention

from the American Academy

for the Advancement of Science
International Science and
Engineering Visualization Challenge
earlier this year. The image was ren-
dered using data from ion abrasion
electron microscopy, a technique
developed at NCI where a micro-
scope projects beams of gallium ions
at the cells to erode 20-nanometer
layers in sequence, scanning the sur-
face after each round. When these
scans are compiled, the resulting
image reveals a new level of detail
about the inner structure of the
cancer cell.


http://ccr.cancer.gov/staff/staff.asp?profileid=5614
http://www.ncbi.nlm.nih.gov/pubmed/18668044?dopt=Abstract
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Aiming for Greater Benefit,

CIP

Supports Higher Risk Research

“Imaging technology is used across
the entire spectrum, from very

basic research to clinical care;” says
Dr. James Tatum, associate director
of NCI's Cancer Imaging Program
(CIP), which is part of the Division of
Cancer Treatment and Diagnosis and
currently funds a portfolio of over
400 grant projects.

Part of CIP’s mandate
has been to support
areas of cancer-imag-
ing research consid-
ered too high-risk for
commercial invest-
ment. Through its
Imaging Development
Group, it helps shep-
herd promising new
imaging compounds
from discovery
through early clini-
cal testing. Several of
these new agents are
now in clinical trials across the
country, with more in the pipeline.

To speed up and improve early clini-
cal trials of these and other promising
new imaging agents, CIP has been
working closely with the American
College of Radiology Imaging
Network (ACRIN), an NCI-funded
cooperative group.

Best known for performing large
trials of mature imaging tech-
nology, such as the National CT
Colonography Trial, ACRIN has
received assistance from CIP to con-
duct early multicenter trials as well,
explains Dr. David Mankoff, profes-
sor of radiology at the University of
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Washington and an ACRIN investiga-
tor. Examples of agents being tested
in these smaller trials, coordinated
through ACRIN’s Experimental
Imaging Sciences Committee, include
%Cu-ATSM to measure treatment
response in cervical cancer, and
BE-fluoromisonidazole to monitor
brain-tumor hypoxia (decreased

oxygen supply).

These images show a PET scan (left), an MRI scan (right), and an overlay of the two
(middle) in a person 4 years after treatment for glioma in the (anatomical) right
temporal region of the brain, as indicated by the white hatch marks. Periodic PET-MRI
scans such as this show that it remains low-grade, with low metabolic activity. Photos
courtesy of Dr. Sorensen and Massachusetts General Hospital Cancer Center.

A huge challenge in trials of these and
other imaging radioisotopes is that
“many of these probes have extremely
short half lives, about two hours or
so,” explained Dr. Mankoff. “You can’t
just make them in one place and

ship them all over the country—you
have to have a distribution network”
Fortunately, the clinical success of
FDG-PET imaging has led to a com-
mercial distribution network to make
and distribute the fragile FDG iso-
tope to clinical sites across the coun-
try. CIP “has been key” in convincing
members of this network to also
manufacture experimental probes for
ACRIN, said Dr. Mankoff.

CIP also helps fund advanced imag-

ing research laboratories around

the country, including one that

has the first dual MRI-PET device

in the country, commissioned by

Dr. Gregory Sorensen and colleagues
at Massachusetts General Hospital.

“We are now able to combine the

high spatial resolution and func-
tional information from MRI with the
metabolic and receptor information
available from PET, to more carefully
study tumor hypoxia, angiogenesis,
and the link between [tumor] metab-
olism and response to
therapies,” explained
Dr. Sorensen, who
will soon begin the
first clinical trial
(funded in part by
CIP) of dual MRI-PET
to monitor patients
with brain tumors
during treatment.

Imaging technology
is also poised to help
researchers visualize
the intricate inner
workings of cancer cells. To this end,
CIP has funded eight /2 vivo Cancer
Molecular Imaging Centers that will
help advance cellular and molecular
imaging related to cancer.

“There is a compelling need to under-
stand cancer from a systems biology
perspective, and tumor biology is the
most complex system you could pos-
sibly imagine,” says Dr. Tatum. “It is
my own belief that the only way you
can understand what goes on in these
complex systems iz vivo is to be able
to monitor or interrogate the system
non-invasively employing advanced
imaging methods across the resolu-
tion from cells to patients” o


http://www.nci.nih.gov/Templates/db_alpha.aspx?CdrID=599959
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http://imaging.cancer.gov/programsandresources/specializedinitiatives/icmics
http://imaging.cancer.gov/programsandresources/specializedinitiatives/icmics

After experiments show that a new
imaging technology can work, it’s
also important to confirm that its
use in practice lives up to its prom-
ise. This effort is underway through
the Division of Cancer Control

and Population Sciences’ Applied
Research Program (ARP).

“We use physician surveys to under-
stand attitudes about new technolo-
gies, but we also need to collect data
in the course of delivering care to
understand whether the new test is
performing as it did in the efficacy
studies...studies that are, after all,
performed with staffing and coor-
dination that may not be present in
practice,” Dr. Stephen Taplin, senior
scientist in ARP, explains.

Dr. Taplin oversees the Breast
Cancer Surveillance Consortium,

a research network focused on
understanding how current breast
cancer screening methods operate
in practice—how breast density, for
example, affects cancer detection and
whether new training software can
improve radiologists’ performance
and make mammogram interpreta-
tion more accurate.

Mammography is a mature technol-
ogy, notes Dr. Taplin. “We’ve had
decades to evaluate its strengths
and the consequences of its defi-
ciencies” But as new technologies
debut at a faster pace, the time to
anticipate challenges and ask ques-
tions—and the resources available to
address them—shrink. One solu-
tion for mammography evaluation
was a resource-sharing partnership
between federal and nonprofit agen-
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Mammographic imaging has evolved since it was first
developed in the late 1960s to use lower doses of radiation
and new technologies, such as digital mammography and
density-reading devices, that improve the quality of the
image and interpretation of results, as shown in the

mammogram at right.
cies like the American Cancer Society.

Dr. Carrie Klabunde, an epidemiolo-
gist in ARP’s Health Services and
Economics Branch, manages a port-
folio of research projects aimed at
understanding the uptake of colorec-
tal cancer screening in community
practice. She is leading an effort to
begin monitoring the use of virtual
colonoscopy in the United States.

Virtual colonoscopy is a new tech-
nology to screen for colorectal
cancer that uses external imaging
devices to examine the lining of the
colon. “There is still a need for high-
quality data on ways of efficiently
delivering virtual colonoscopy in
practice, and on the procedure’s
outcomes,” she notes.

One issue, for example, is suspi-
cious findings that are inadvertently
detected outside of the colon. “These
findings could be anything from a
tumor on a kidney to something
that’s completely benign, a lump of
fat or normal variation on an organ,’
explained Dr. Klabunde. “There will

be questions about who is responsi-
ble for finding out what that lump or
bump may be, and who will pay for it.
That will be one challenge ahead”

“There is a tremendous need for
objective parties to look at issues
such as these, because there are so
many competing interests involved
and because the analysis requires
scientific rigor;” said Dr. Taplin. “It’s
important for us to fund investigators
who can look carefully and make sure
that the technology is achieving the
ends that we expect”

To build national capacity for moni-
toring the performance of colorec-
tal cancer screening modalities,

Dr. Klabunde and collaborators at the
Agency for Healthcare Research and
Quality have sponsored studies to
develop and evaluate data systems for
tracking colorectal cancer screening
performance. A recent supplement to
the journal Medical Care describes
this research and can be ordered at
http://healthservices.cancer.gov/pub-
lications/improv_deliv.html. o
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Assessing the Radiation Risks
of Imaging Procedures

When used in appropriate situations
and with careful attention to dos-
age, leading experts agree that the
potential benefit of cancer imaging
outweighs the risk. However, there
has been mounting concern that
several increasingly common imag-
ing modalities may expose patients
and health care workers to poten-
tially unsafe radiation doses, the
consequences of which only become
evident with long-term population-
based research.

Computed tomography (CT) has
come under intense scrutiny because
the number of procedures has sky-
rocketed to more than 60 million
annually, a nearly threefold increase
since the early 1990s, and the average
number of scans per patient is also
increasing. The wider use of CT can
be traced in large part to its speed
and its remarkably clear images of
organs and tissues. But the down-
side, explains Dr. Elaine Ron, a senior
investigator in NCI's Division of
Cancer Epidemiology and Genetics
(DCEQ), is that CT requires signifi-
cantly greater doses of radiation com-
pared to a conventional x-ray. In the
case of abdominal CT, for example,
the dose is 50 times higher.

Among the chief concerns is use

of CT in children. With their still-
developing bodies, experts warn, they
are more prone to radiation-induced
effects that can increase cancer risk.
Such concerns led NCI to part-

ner with the Society for Pediatric
Radiology to develop a brochure,
recently updated, to help educate
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health care workers about appro-
priate CT use in children and the
potential risks of CT-emitted ionizing
radiation. DCEG researchers are also
collaborating with researchers from
Newcastle University in the United
Kingdom and Maccabi Healthcare
Services in Israel to investigate the
risk of cancer in children and adoles-
cents who have undergone CT scans.

CT is not the only radiologic pro-
cedure that NCI researchers are
studying. Other diagnostic tech-
niques and treatments that rely on

a type of x-ray technology called
fluoroscopy, especially coronary
angiograms and angioplasty, are
proliferating. Because of the length
of these procedures, the cumulative
exposure to radiation is considerable.
In conjunction with five medical soci-
eties, NCI has launched a study to
determine whether radiologists and
cardiologists, among others, who are
involved in fluoroscopy-guided pro-
cedures have a higher risk of cancer.

The research began because of
reports of certain cancers that appear
to arise more often among physicians
who perform fluoroscopy, explained
Dr. Amy Berrington de Gonzalez, an
investigator in DCEG’s Radiation
Epidemiology Branch. There have
been efforts by NCI and other medi-
cal societies to educate medical per-
sonnel about the potential radiation-
related risks associated with these
procedures. However, the available
evidence, including some surveys
conducted by the FDA, suggests the
message still isn't getting through,

particularly to those without exten-
sive radiology training, she stressed.

The long-term study will compare
cancer-related deaths between
physicians regularly involved in
radiation-related procedures and
those who are not involved in such
procedures. “Then we'll be able to
determine whether increasing use of
these new imaging technologies are
associated with an elevated cancer
risk,” she says.

An Integrative
Approach to
Cancer Imaging

The Division of Cancer Biology’s
Integrative Cancer Biology
Program supports nine centers
that are developing new models
and tools to study cancer, with
expertise in the fields of chem-
istry, physics, mathematics, and
the computer sciences, as well
as biology and medicine. At
Massachusetts General Hospital
and Harvard University, for
example, they have a Center for
the Development of a Virtual
Tumor, where biomedical images
are being used to help cre-

ate computational models of
gliomas that may predict cell
behavior, guiding the develop-
ment of new treatments.

Similarly, NCI has hosted a series
of think tanks this year to convene
physical scientists and oncologists
on the topic of cancer. More work-
shops will be organized through
NCT’s Office of Technology

and Industrial Relations. ¢
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NCI Helps Bring Cancer

Imaging Products to Market

NCI recently completed the retool-
ing of its Small Business Innovation
Research (SBIR) and Small Business
Technology Transfer (STTR)
Programs to enhance their role as
an engine of innovation, and cancer
imaging technology is one of the
top priorities for the programs.

In 2007 at the request of former NIH
Director Dr. Elias Zerhouni, NCI
took the leadership role in developing
new initiatives for the small busi-
ness set-aside research programs
across all NIH institutes. One of the
major changes was to consolidate

the management of NCI’s more than
300 small business projects—previ-
ously scattered across the Institute’s
numerous research divisions—into a
new NCI SBIR Development Center,
staffed by professionals with specific
industry and entrepreneurial exper-
tise. Cancer imaging technologies are
the largest single component of NCI'’s
small business portfolio, making up
about 30 percent of all such projects.

Dr. David Beylin was recently hired
for NCT’s small business center. He
came to NCI from Naviscan, Inc., a
medical device company which used
SBIR funds to take its PEM Flex PET
Scanner—a device that combines
PET technology with mammography,
revealing with high accuracy and
sensitivity breast tumors as small as
a grain of rice—through the stages
of development, prototype building,
and clinical trials. The SBIR funds
enabled Naviscan to raise more than
$20 million of venture capital, obtain
FDA clearances, and start selling the
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device in the United States.

To avoid the “valley of death” that
many former SBIR projects encounter
after the NCI funding for their proj-
ects ends and before private investors
are willing to pledge support, another
new NCl initiative offers small busi-
nesses the opportunity to compete
for SBIR Bridge Awards to extend
funding up to a total of $3 million
over an additional 3 years.

Cancer imaging and therapeutics
are the two priority areas for the
Bridge Awards, noted NCI SBIR

Development Center Director
Michael Weingarten. Recently for
the first time, the SBIR peer-review
panels for the Bridge Awards includ-
ed panelists with venture capital

and entrepreneurial backgrounds.
The reviewers’ discussions “broke
important new ground by evaluating
both the science and the commercial-
ization strategies of the companies’
proposals,” he noted. “The salient
feature of this award is that it
encourages partnerships between
NIH’s SBIR Phase II awardees and
third-party investors or strategic
partners that have significant prior
experience in the commercialization
of emerging technologies”” ¢

Showcasing CCR’s Technology Advances

NCI co-hosted a technology fair (pic-
tured above) at the Bethesda Marriott
Conference Center in 2007 with sev-
eral Maryland State and Montgomery
County organizations, to showcase
CCR’s technology advances that are
available for commercial licensing and
to profile intramural research projects
for potential industrial collaborators.

Meeting attendees also learned how to
license technology, collaborate with intra-
mural researchers, and obtain funding for

small businesses during sessions led by
members of the NIH Office of Technology
Transfer, the NCI Technology Transfer
Center, and NCI's SBIR/STTR Program.

Another technology event may be scheduled
for late 2009 with future industry outreach
initiatives being planned on a regular basis
thereafter. For more information, contact
Eric Hale, associate director of CCR’s

Office of Policy and Intellectual Property,
at 301-594-9254. «


http://www.cancer.gov/ncicancerbulletin/NCI_Cancer_Bulletin_091107/page3
http://sbir.cancer.gov/funding/phase2bridgeaward.asp
http://sbir.cancer.gov
http://sbir.cancer.gov/index.asp
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http://ott.od.nih.gov
http://ttc.nci.nih.gov
http://ttc.nci.nih.gov
http://ccr.cancer.gov/about/opip.asp

Additional Resources

For Researchers and Industry

DCTD’s Cancer Imaging Program lists research
funding at http://imaging.cancer.gov/researchfunding,
and can be reached by phone at 301-496-9531.

A summary of CCR cancer imaging initiatives can be
found at http://ccr.nci.nih.gov/initiatives/imaging.asp,
or requested by phone at 301-496-4345.

NCI’s Clinical Therapeutics Evaluation Program funds
clinical trials and basic research. More information is
available at http://ctep.info.nih.gov, and by e-mail at
info@ctep.nci.nih.gov.

The National Cancer Imaging Archive provides images
that support research and product development.
More information is at http://ncia.nci.nih.gov, and staff
can be contacted through ncicb@pop.nci.nih.gov.

DCB’s Integrative Cancer Biology Program offers
researchers from outside the realm of biology a chance
to be involved in cancer research. More information is
at http://icbp.nci.nih.gov, or by phone at 301-594-8797.

The Office of Technology and Industrial Relations can
be reached at http://otir.cancer.gov/ and 301-496-1550,
or OTIR@mail.nih.gov.

For Clinicians

A list of imaging clinical trials and related resources
is at http://imaging.cancer.gov/clinicaltrials/

Background information on cancer imaging is
available through the Physician Data Query (PDQ)

at http://www.cancer.gov/cancertopics/pdq/screening/
overview/healthprofessional.

Research on screening practices is underway through
the Division of Cancer Control and Population
Sciences, described at http://healthservices.cancer.gov/
areas/screening.html.

NCI has developed a screening tool for clinicians,
CancerSPACE, available online at http://www.cancer.
gov/cancertopics/cancerspace.

For Patients

An explanation of cancer imaging methods is avail-
able through the Cancer Imaging Program Web site at
http://imaging.cancer.gov/imaginginformation/
cancerimaging.

The PDQ also lists information about cancer screening,
which can include imaging, in formats that are easy

for patients to understand. These can be found at
http://www.cancer.gov/cancertopics/pdq/screening.
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Patients who are looking for cancer imaging clinical
trials can find background information through the
Cancer Imaging Program at http://imaging.cancer.gov/
imaginginformation/CancerImagingClinicalTrials,

and search an online database of trials at http://www.
cancer.gov/clinicaltrials/search, or by contacting the
NCI Cancer Information Service at 1-800-4-CANCER.
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