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Imaging Prostate Cancer (PCa)
continues to represent a clinical chal-
lenge. The recommendations range
from denial to a strong advocacy for
imaging prior to any decision about
therapy. Considering the disagree-
ments about prostate cancer detection
and choice of treatment, the debate
concerning imaging is not surprising.

There are evidence-based guide-
lines for the use of imaging in assess-
ing the risk of distant spread of PCa.
Radionuclide bone scans and com-
puted tomography (CT) supplement
clinical and biochemical evaluation
(PSA, prostatic acid phosphate) for
suspected metastatic disease to bones
and lymph nodes. Guidelines for the
use of bone scans (in patients with
PSA> 10 ng/ml) and CT (in patients
with PSA > 20 ng/ml) have been pub-
lished and are in clinical use. However
while the guidelines are available, due
to either lack of communication
between specialists, slow dissemina-
tion of knowledge or difficulties in
changing old habits, the use of imag-
ing has been random and both over
and under utilization is often present
.(CAP CURE survey). CT is an exam-
ple of over-utilization of imaging, as it
is being ordered in 63% of all newly
diagnosed prostate cancer patients
regardless of patients' PSA level or

Gleason score. In spite of established
guidelines for the use of bone scans
there has been no change in the pat-
tern of care. In the last 10 years bone
scans continue to be utilized with the
same frequency, although in the same
time period there has been a signifi-
cant stage and PSA migration (lower
stage lower PSAat the time of diagno-
sis).

There is no consensus for the use
of imaging in the evaluation of
prostate cancer local tumor extent.
The use of Ultrasound has been limit-
ed to biopsy guidance and
Brachytherapy seed placements. The
use of Magnetic Resonance (MR)
imaging has gone through "ups and
downs" ranging from enthusiasm to
denial. Recent studies indicate that the
use of high resolution MR! provides
valuable information in the evalua-
tion of local tumor extent, nodal and
bony metastases. The combination of
MR anatomic information with MR
spectroscopic metabolic information
is emerging and is being recognized.
Another modality offering informa-
tion about anatomy and metabolism
is PET/CT.

The goal for imaging prostate can-
cer in the next decade is combining
anatomy, function and metabolism.
Further advances in MR imaging, in
MR spectroscopic imaging and other
molecular imaging approaches, such
as PET/CT and optical imaging will
make imaging even more important
in the conquest of PCa.

21 SA JOURNAL OF RADIOLOGY • December 2002

Tumor
detection/

local ization/
characterization

Despite the many advances in
diagnosis and treatment of prostate
cancer, there is still a dearth of infor-
mation about its biologic potential. At
large, this hampers the clinical goal of
risk stratification and patient-specific
therapy. Knowledge of parameters
such as cancer location, aggressive-
ness, size, and extent, are essential if
minimally invasive, patient-specific
therapy is to be achieved. TRUS guid-
ed prostate biopsy has been consid-
ered the standard of reference for
tumor localization. Recent reports of
biopsy sampling errors and inaccura-
cies are however troubling.
Furthermore, because prostate cancer
is a multifocal and histologically het-
erogeneous disease, biopsy is limited
in determining all cancer sites and
grades. In fact, when biopsy results
were compared with radical prostate-
ctomy for sextant tumor localization,
the positive predictive value of biopsy
was found to be 83.3%, and the nega-
tive predictive value was found to be
36.4%. Magnetic resonance imaging
(MR!) and even more so combined
MR imaging and proton 3D- MR
spectroscopic imaging can be used for
patient stratification and targeted
biopsy in patients with previously
negative biopsies. The addition of
metabolic information from 3D-
MRS! to the morphologic data
obtained from MR imaging, leads to a
more specific diagnosis and better
localization of the cancer than from
MR images alone. This approach fur-
thermore allows assessment of tumor
aggressiveness. A preliminary
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MRI/MRSI study of 102patients with
step-section pathologic examination
has demonstrated a statistically signif-
icant (P<O.OOOl)correlation between
(cancer Choline)/(normal Choline)
ratios with the decrease in citrate and
elevation of Choline and cancer
aggressiveness (Gleason grade).

Staging
In the evaluation of PCa local

tumor extent, results on the value of
TRUS vary widely. Prospective multi-
center studies suggest that TRUS is no
better than the digital rectal examina-
tion in predicting ECE. Endorectal
MR imaging offers the best promise
for local staging of prostate cancer, but
it must resolve problems of repro-
ducible image quality and inter-
observer variability before it can be
recommended for general clinical use.
The introduction of MR spectroscop-
ic imaging (MRSI) further expands
the value of MR, offering anatomic
and metabolic evaluation of PCa. The
use of PET/CT at present is reserved
for the evaluation of metastatic dis-
ease. The introduction of new
prostate cancer specific tracers, and
the improved localization provided by
combined PET/CT technology
should present further improved
results as well as new applications.

Highlights and
practical points
for MR and PET

technology
MRimaging

The signal intensity and detection
of PCa depend on the type of imaging
sequence used. On Tl-weighted
images, the prostate demonstrates
homogeneous medium signal intensi-

ty. On T2-weighted MR images, PCa
is shown most commonly with
decreased signal intensity within the
high-signal-intensity normal periph-
eral zone. While the detection of PCa
on MRI (similar to transreetal US
(TRUS)) has been applicable only to
the tumors located in the peripheral
zone, recent studies have demonstrat-
ed the potential of MR (especially
when combined with MRSI) for the
evaluation of the tumors in the transi-
tion zone as well.

Tumor detection however, may be
handicapped by post-biopsy changes.
Depending on the time interval
between biopsy and the MRI scan,
biopsy changes may cause either
under- or over-staging of the tumor
presence and extent. It has been
demonstrated that the MRI study
should be performed at least 3 weeks
after biopsy.While PCa detection rates
as high as 92% have been reported,
the results of large multi-center stud-
ies are disappointingly low, with only
60% of lesions greater than 5 mm in .
anyone dimension being detected on
MRI scans. The use of MRI in the
evaluation of extra-capsular and sem-
inal vesicle tumor invasion is steadily
increasing. The MRI findings of extra-
capsular extension on endorectal coil
MRI consist of: an irregular bulge of
the gland margin; a contour deformi-
ty with a step-off or angulated mar-
gin; a breech of the capsule with direct
tumor extension; the obliteration of
the recto prostatic angle; and asym-
metry of the neurovascular bundles.
Seminal vesicle invasion is diagnosed
when there is: contiguous low signal-
intensity tumor extension into and
around them, and/or when there is
tumor extension along the ejaculatory
duct. This results in non-visualization
of the ejaculatory duct, decreased sig-
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nal intensity of the seminal vesicles,
and decreased conspicuity of seminal
vesicle wall on T2-weighted images.
While transaxial planes of section are
essential in the evaluation of extra-
capsular invasion, the combination of
transaxial and coronal plane images
facilitates the diagnosis of extracapsu-
lar and seminal vesicle invasion.
Variable results have been found for
the diagnostic accuracy of MRI in the
local staging of PCa. The reported
accuracy of MRI in staging PCa
ranges from 54 to 90%. These results
have raised concerns about inter-
observer variability and the lack of
reproducibility. Over the past 3 years,
however, more encouraging results for
endorectal MRI have been obtained.
The diagnostic performance has
improved, with a reported accuracy
consistently between 75 and 90%. The
recently reported accuracy of MRI in
detecting extra-capsular extension
(82%) and seminal vesicle invasion
(97%), combined with high specifici-
ty (>90%) in excluding extra-capsular
tumors, far exceeds the reported val-
ues for either TRUS or CT. The
improved performance of endorectal
MRI is probably due to the matura-
tion of MRI technology. This includes
improvements in MRI technique (e.g.
faster imaging sequences, more pow-
erful gradient coils, and post-process-
ing image correction), a better under-
standing of morphologic criteria used
to diagnose extra-capsular disease,
and increased reader experience. In
the evaluation of lymph node metas-
tases, efficacydata for MRI and CT are
similar.

With improvements in MR tech-
nology, the role of MRI has extended
to every aspect of patient manage-
ment. It has been shown that the use
of endorectal MRI prior to radical
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prostatectomy influences the surgical
decision whether to spare or resect the
neurovascular bundles. This is espe-
cially valuable in high-risk patient
groups. In a study reported by Wei et
al. of 76 patients, 24% had a more
aggressive surgical plan when MRI
was reviewed together with the clini-
cal examination. In the high-risk
group, the Bayesian analysis showed
that the probability of needing neu-
rovascular bundle resection increased
from 39% to 78% with positive MRI
findings and decreased from 39% to
19% when MRI guidelines were nega-
tive.Furthermore, MRI can be applied
to predict intraoperative blood-loss
during radical retropubic prostatecto-
my. It has been shown that the promi-
nence of the apical periprostatic veins
on MR imaging is associated with
greater intra-operative blood-loss
during radical prostatectomy.
Furthermore, MRI can be used for the
prediction of urinary incontinence
after radical retropubic prostatecto-
my. After controlling for age and sur-
gical technique, the multivariant
analysis showed that the membranous
urethral length is related to the time
for achieving stable post-operative
continence. A membranous urethra
longer than 17 mm was associated
with a shorter time to stable conti-
nence.

MR spectroscopic imaging
The recent developments of MR

spectroscopic imaging expand the
diagnostic assessment of MR technol-
ogy beyond anatomic information.
MR spectroscopic imaging provides
metabolic information specific to the
prostate through the detection of the
metabolites: Citrate, Creatine, and
Choline. This method is based on the
fact that the normal gland contains

(secretes) citrate, while there is an
increased amount of Choline in can-
cer. TIns is believed to be due to
enhancement of the phospholipid cell
membrane turnover associated with
tumor cellproliferation, increased cel-
lularity and growth. The method for
depicting tumor is based on an
increased Choline-Creatine/Citrate
ratio.

The information obtained from
this new technology allows an
improved assessment of tumor loca-
tion, aggressiveness and the attendant
risk of disease progression. In the
localization of PCa, positive results
from combined MRI and MRS
demonstrate a 91% specificity, which
is the highest value obtained by a non-
invasive method. The combined use
of MR imaging and spectroscopy also
significantly improves the evaluation
of extracapsular cancer extension and
decreases interobserver variability
This approach raises further the value
of MRI in the evaluation of prostate
cancer.

PET/CT imaging
Most PET/CT studies performed

today are diagnostic FDG scans. The
basis of cancer detection by FDG is
the almost ubiquitous elevation of
glucose metabolism by cancer cells.
The tumor uptake by FDG, and the
resultant value of the test, is cancer site
specific. The FDG radiotracer is not
well suited for the detection of
prostate cancer, especially when the
tumor is low-grade. Several alterna-
tive tracers are currently under clinical
investigation. New tracers are under
development showing a promising
potential for providing information
on tumor biology. One of these tracers
is "Conethionine, which differenti-
ates tumor from normal. tissue due to
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elevated protein synthesis. The rapid
(lO minute) uptake and plateau of
"Ccnethionine within prostate can-
cers, allows whole body PET/CT
imaging (with decay correction), in
spite of the short 20 minute half-life of
IIC with minimal interference from
the bladder. In search of a non-inva-
sive method to quantify androgen
receptors (AR) by PET, 18F-fluorodi-
hydrotestosterone has recently been
studied in patients with metastatic
prostate cancer. The mismatch
between FDG and 18F-FDHTfindings
suggests the variations in androgen
dependence of the different sites.
Histologic confirmation of this
hypothesis has not yet been per-
formed.

Recommended
. approach to
Imaging prostate

cancer
In the staging of PCa, each modal-

ity - transreetal US, MRI, CT and
PET/CT - has advantages and disad-
vantages. The evaluation by TRUS is
restricted to local staging only, while
both CT and MRI allow detection of
local, nodal, and distant metastatic
invasion. The role of CT in staging
PCa is reserved for the search for
lymph node metastases, evaluation of
advanced disease, and planning radia-
tion therapy; MR offers the most
complete evaluation of PCa assessing
loco-regional and nodal disease. The
endorectal coil provides higher stag-
ing accuracy than the body coil.
Discrepancies in the opinion on the
value of MR attest to the immaturity
and the still developing field of MR
imaging. The combination of MR
Imaging and Spectroscopic imaging
offers anatomic and metabolic infor-
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mation and appears to be the method
of the future for the evaluation of
loco-regional disease, while PET/CT,
at present is reserved for the evalua-
tion of metastatic disease. Both MR
and PET play an important role in the
evaluation of treatment response and
the future of MR and PET in combi-
nation with molecular imaging
approaches such as optical. imaging
can today only be imagined.

In conclusion, improvements, per-
haps even revolutions, in the evalua-
tion of prostate cancer are on the hori-
zon, heralded by the many clinical and
technological advances, interdiscipli-
nary communication, and critical
multicenter clinical trials and out-
come studies. Although many ques-
tions remain unanswered, and
improvements are needed, the great
strides that have been made in diag-
nostic imaging in recent years
promise a bright future, getting us one
step closer in achieving patient specif-
ic, risk adjusted therapy and better
outcome for prostate cancer patients.
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