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Prostate cancer and imaging

Eric A. Klein
The Cleveland Clinic, Cleveland, OH 44195, USA

Prostate cancer’s incidence, prevalence, etiology,
and risk factors, and the influence of clinical trials on
imaging technology development are discussed.

One in seven Western men older than 70 will develop
prostate cancer. The advent of prostate-specific antigen
(PSA) screening means most men will now be diag-
nosed with early disease (85% not palpable on digital
rectal exam (DRE), fewer grade 8–10 Gleason score
tumors,etc.). An infection/inflammation event may be
the basis for transforming events within the prostate,
perhaps driven by an infectious agent or by dietary or
environmental exposure to oxidative stress-producing
substances which can cause chronic carcinogenic in-
flammatory infiltrates. A number of prostate cancer
susceptibility genes control or regulate pathways asso-
ciated with cellular defense; intervention with protec-
tive agents such as NSAIDs or free-radical scaveng-
ing drugs hold promise for localized disease control
or treatment. Managing more advanced extraglandular
disease remains problematic, as does biochemical fail-
ure after radical prostatectomy or external beam radia-
tion; imaging disease stage and progression associated
with these distinct classes of cases is challenging. Fun-
damental data soon to be available from large screen-
ing trials (e.g., European Organization of Research and
Treatment of Cancer, or Prostate, Lung, Colorectal,
and Ovarian Cancer Trial), and implications for pre-
vention science from recent studies of hormone antag-
onists such as finasteride in the Prostate Cancer Preven-
tion Trial or toremifene, should stimulate new ways of
thinking about treatment and diagnosis in urology and
imaging communities.

Prostate atrophy, inflammation, and dietary
charred meat carcinogens in prostate carcinogenesis

Angelo De Marzo, Yasutomo Nakai and William G.
Nelson
The Johns Hopkins University School of Medicine, Bal-
timore, MD 21205, USA

Why is prostate cancer so common? Epidemiolog-
ical data points to aging and genetics with a poten-
tial role for diet and inflammation/infection as well.
Prostate atrophy is an extremely common histological
alteration in the human prostate. Although most inves-
tigators over the last several decades have assumed that
it is not relevant to prostate cancer, as early as the 1930s
pathologists suggested that prostate cancers might arise
from prostate atrophy. Chronic inflammation is a major
contributing cause of cancer in many organ systems.
Only in the last few years have investigators begun to
examine whether chronic inflammation, which is vir-
tually always associated with atrophic prostate tissue,
may also be involved in the pathogenesis of prostate
cancer. Data regarding histological features, as well as
cellular and molecular biology of prostate atrophy, is
examined in relation to a stem cell model of prostate
cancer development. New information indicates that
the dietary “charred meat” carcinogen, 2-amino-1-
methyl-6-phenylimidazo(4,5,6)pyridine (PhIP), acts as
both a tumor initiator and a tumor promoter in the rat
ventral prostate. Our updated model of human prostate
carcinogenesis is that inflammation and/or dietary car-
cinogens interact to injure the prostatic epithelium by
producing DNA damage, either from oxidants and ni-
trosative agents from the inflammatory cells, or from
activated electrophilic compounds from the diet. This
injury manifests morphologically as proliferative in-
flammatory atrophy (with inflammation) or “prolifera-
tive atrophy” (with little or no inflammation). These
regenerative lesions then undergo somatic DNA alter-
ations including telomere shortening, methylation of
CpG dinucleotides in the promoter region of theGSTP1
and other genes, and other somatic genome alterations
to produce either high-grade prostatic intraepithelial
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neoplasia (PIN) or small carcinoma lesions which then
progress, under continued genome-damaging condi-
tions, to invasive carcinoma and eventually to metastat-
ic disease. This work has implications for chemopre-
vention and/or dietary changes that may eventually help
to prevent prostate cancer.

Dynamic contrast-enhanced magnetic resonance
imaging of prostate cancer at 3.0 Tesla

Iclal Ocak
National Cancer Institute, Molecular Imaging Pro-
gram, Bethesda, MD 20892, USA

Prostate cancer is the second most prevalent cancer
among men. The American Cancer Society estimates
that 234,460 men will be diagnosed with prostate can-
cer and 27,350 men will die of it in 2006. Though up
to one in six men will receive a diagnosis of prostate
cancer within their lifetime, only 3% of those will die
as a direct result of the disease. This discrepancy high-
lights the heterogeneous nature of the disease, which
can range from very aggressive to relatively indolent in
nature. Prostate cancer can be treated with chemothera-
py, radiotherapy, or surgery, though all these treatments
have potentially debilitating side effects, such as radia-
tion proctitis, impotence, and/or incontinence. There-
fore, it is important to develop diagnostic techniques
that can accurately diagnose prostate cancer early, as
well as predict prognosis.

MRI is widely accepted as the best imaging modality
for diagnosis and staging of prostate cancer. The high-
er field strength of 3.0 Tesla MRI produces an increase
in the signal-to-noise-ratio. In addition, the combined
use of a body phased-array coil and endo-rectal coil
can further increase the spatial resolution. T2-weighted
MR images have long been used in the diagnosis of
prostate cancer; however, they lack adequate sensitiv-
ity and specificity. This results from the difficulty in
distinguishing prostate cancer from areas of prostati-
tis, post-biopsy hemorrhage, and even benign prostatic
hyperplasia. Dynamic contrast-enhanced (DCE)-MRI
uses contrast enhancement patterns to derive function-
ality within the prostate gland. Wash-in and wash-out
curves are generated from regions of interest, and ap-
plication of a computer model can then produce several
parameters of permeability. Quantitative analysis of
DCE-MRI and three-dimensional MR spectroscopy at
3.0 Tesla is promising in terms of diagnosis and stag-
ing of prostate cancer. This may help stratify patients

into standard treatment, more aggressive treatment, or
“watchful waiting.”

Latest developments in tissue-type imaging of
prostate cancer: Ultrasonic and magnetic resonance
approaches1

Ernest J. Feleppaa, Jeffrey A. Ketterlinga, Shreedevi
Dasguptaa, Andrew Kalisza, Sarayu Ramachandrana,
Christopher R. Porterb, Marc Lacrampeb and David
Dailb
aRiverside Research Institute, Frederick L. Lizzi Center
for Biomedical Engineering, New York, NY 10038, USA
bVirginia Mason Medical Center, Seattle, WA 98101,
USA

Ultrasonic spectrum (USS) analysis applied to ra-
diofrequency ultrasonic echo signals has proven to pro-
vide a promising basis for distinguishing among differ-
ent types of tissue based on sometimes subtle differ-
ences in tissue microarchitecture and scattering proper-
ties. In the prostate, USS combined with artificial neu-
ral network (ANN) classification tools has enabled en-
couraging differentiation between cancerous and non-
cancerous tissue. These methods have produced a re-
ceiver operating characteristic (ROC) curve area of 0.84
compared to an area of 0.64 for conventional B-mode
based determinations of suspicion levels for identical
regions of the gland. Based on the areas and shapes
of these ROC curves, USS alone seems to be potential-
ly capable of improving the sensitivity of ultrasound-
guided biopsies by more than 50% using tissue-type im-
ages (TTIs) derived from ultrasound spectra and ANNs
to target the biopsy needle. Such TTIs potentially can
depict regions showing cancerous properties in two or
three dimensions for biopsy guidance, disease evalu-
ation, treatment planning and targeting, and therapy
monitoring.

Like conventional ultrasound B-mode images, con-
ventional MRIs cannot reliably depict cancerous re-
gions of the prostate. However, as in ultrasound spec-
tral methods, magnetic resonance spectroscopy (MRS)
shows an encouraging ability to distinguish cancerous
from noncancerous prostate tissue based on its depic-
tion of chemical constituents of tissue. In noncancer-
ous prostate tissue, the level of citrate tends to be higher
than that of choline or creatine. However, in cancer

1This research is supported in part by NIH/NCI grant CA053561.
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of the prostate, the situation is reversed, and creatine,
choline, or both tend to be elevated with respect to cit-
rate. MRS can depict the ratios of these constituents
and, based on the ratios, can distinguish cancerous from
noncancerous prostate tissue. As is the case with USS,
classification of prostate tissue by MRS produces ROC
curve areas having values ranging from 0.70 to 0.80.

Because these two modalities sense fundamentally
different properties of tissue, i.e., mechanical proper-
ties for ultrasound and chemical properties for MRS,
we anticipate that combining the two modalities and ap-
plying new, more powerful classification tools such as
support-vector machines will markedly improve clas-
sification performance. Currently, efforts are under-
way to register ultrasonic and MRS data in 3-D and to
correlate TTIs with prostatectomy histology.

Image guided intervention/magnetic resonance
imaging guided diagnosis and therapy

Clare Tempany
Harvard Medical School, Brigham and Women’s Hos-
pital, Boston, MA 02115, USA

The recent emergence of minimally invasive thera-
peutic procedures has brought major advantages over

conventional surgical procedures and has revolution-
ized certain surgical interventions. Many benefits de-
rive from minimally invasive surgery. First, recovery
time, and thus hospital stay, can be significantly shorter
than in conventional open surgeries. Second, the risk
of complications, e.g., infection and bleeding, is lower.
Third, the procedure may require only local anesthesia
or sedation instead of general anesthesia. Clearly, the
above factors combined would lead to a significantly
reduced cost for the intervention. Motivated by these
potential benefits and our strong interest in prostate
MRI and IGI, we established a MR-guided prostate in-
tervention program more than five years ago. Our team
of investigators designed and developed the program
on site using the surgical planning laboratory and Signa
SP 0.5T system from General Electric medical systems.

Currently, our institution employs MR-guided inter-
ventions for both prostate biopsy and cancer treatment.
MR-guided prostate brachytherapy and prostate biopsy
procedures are investigated along with current and fu-
ture roles of imaging. New MR-based molecular imag-
ing methods and other imaging modalities are changing
prostate diagnosis and treatment; for instance, a total-
ly non-invasive thermal ablation method, MR-guided
focused ultrasound (MRgFUS) has the potential to be
performed in prostate cancer.


