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Magnetic resonance (MR) imaging and hydrogen 1 MR spectroscopy
of the prostate gland are performed during the same examination with
a conventional clinical MR unit. Prostate zonal anatomy and prostate
cancer are best depicted on multiplanar T2-weighted MR images. MR
imaging and 'H MR spectroscopy are not used as an initial diagnostic
tool. Their use in tumor detection is reserved for patients with elevated
prostate-specific antigen levels in whom previous biopsy results were
negative. The use of MR imaging and 'H MR spectroscopy for the
evaluation of tumor location, local extent (extracapsular extension
and/or seminal vesicle invasion), volume, and aggressiveness is generat-
ing strong clinical interest. In staging and treatment planning, MR im-
aging has been shown to have an incremental value additive to the
value of clinical nomograms. Furthermore, anatomic and metabolic
mapping of the prostate gland with 'H MR spectroscopy offers the pos-
sibility of optimizing treatment planning (watchful waiting, surgery, or
radiation therapy [intensity-modulated radiation therapy or brachy-
therapy]), thus further expanding the role of MR imaging in the
achievement of patient-specific, individualized treatment.
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Introduction
Prostate cancer is the most common cancer and
the second leading cause of cancer death in
American men. The American Cancer Society
estimates that in 2004, 230,110 new cases of
prostate cancer will be diagnosed in the United
States and 29,900 people will die of the disease,
increases of 4.5% and 3.5%, respectively, com-
pared with 2003 data (1). Because of the advent
of prostate-specific antigen (PSA) screening, most
prostate cancers are now diagnosed at an earlier
stage. At present, 86% of newly diagnosed pros-
tate cancers are localized within the gland and
patients have a 5-year relative (ie, adjusted for life
expectancy) survival rate of 100%. The 5-year
relative survival rate for all stages of prostate can-
cer is 98%, which indicates that prostate tumors
have a slow growth rate and allow for prolonged
survival, even in patients with metastases at diag-
nosis (2,3).

Controversy exists with regard to the appropri-
ate management of prostate cancer. The choice of
treatment depends on the patient’s age at diagno-
sis, the stage and aggressiveness of the tumor, the
potential side effects of the treatment, and patient
comorbidity (4—6). The most common treatment
side effects are erectile dysfunction and urinary
incontinence. Efforts to reduce treatment mor-
bidity while maximizing treatment effects have led
to the demand for patient-specific and disease-
targeted therapies. Although there are a number
of clinical parameters and clinical nomograms to
help with the choice of treatment, there is a grow-
ing demand for further individualization of treat-
ment plans (3,7). For all clinical nomograms, the
highest priority is the differentiation between in-
dolent and aggressive disease. The major indica-
tor of tumor aggressiveness is the Gleason grade.
A biopsy-determined Gleason grade, although
valuable, is subject to sampling error. It has been
reported that after radical prostatectomy the bi-
opsy-determined Gleason grade is increased in as
many as 54% of patients (8). Furthermore, pros-
tate cancer is histologically heterogeneous and
multifocal in as many as 85% of patients. Thus, a
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technique that noninvasively demonstrates the
presence, extent, and aggressiveness of prostate
cancer could make a substantial contribution to
the decision-making process for individualized
treatment. Magnetic resonance (MR) imaging
and proton MR spectroscopy (hydrogen 1 MR
spectroscopy) enable the noninvasive evaluation
of anatomic and biologic tumor features and,
thus, may play an important role in the detection,
localization, and staging of prostate cancer and
help guide treatment selection and planning (9).

This article addresses the advantages, limita-
tions, and need for critical evaluation of endorec-
tal MR imaging and proton MR spectroscopy in
the diagnostic evaluation of prostate cancer. Key
findings of zonal anatomy and spectroscopic fea-
tures of the normal prostate gland are discussed.
Our objective is to illustrate the potential incre-
mental value of MR imaging and MR spectros-
copy in the diagnostic work-up of prostate cancer,
with emphasis on tumor localization, metabolic
interrogation, and staging. We include examples
to illustrate the key MR imaging features used to
detect prostate cancer and determine local extent,
and we discuss the role of MR imaging and MR
spectroscopy in treatment planning.

MR Imaging and MR Spec-

troscopic Imaging Techniques
Although the “optimal” choice of equipment
(specifically, magnet strength) and imaging se-
quences are always dependent on the instruments
available, in this section we present general guide-
lines for diagnostic image and spectral quality.
Because a combination of MR imaging and spec-
troscopy is desirable, a magnetic field strength of
at least 1.5 T is required. The combined use of
endorectal and pelvic phased-array coils and the
generation of faster imaging sequences are recom-
mended. Although imaging parameters are de-
pendent on the type of imaging unit used and the
field strength, in general the following imaging
sequences are recommended: (a) T1-weighted
axial imaging of the pelvic region is used for de-
tecting nodal disease and postbiopsy intraglandu-
lar hemorrhage, and (%) thin-section T2-weighted
imaging with a smaller field of view (~14 cm) in
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the axial, sagittal, and coronal planes is used for
tumor detection, localization, and staging. The
use of dynamic contrast material-enhanced MR
imaging is optional (10,11).

To avoid under- and overestimation of tumor
location and extent, MR imaging should be de-
layed for at least 4—6 weeks after prostate biopsy
(12,13).

A number of different 'H MR spectroscopic
techniques have been described. At present, the
commercially available spectroscopic imaging
techniques include chemical shift imaging (14)
with point-resolved spectroscopy, voxel excita-
tion, and band-selective inversion with gradient
dephasing for water and lipid suppression (15).
Chemical shift imaging refers to the multivoxel
technique that enables the acquisition of voxels in
single or multiple sections. With point-resolved
spectroscopy, a cubic or rectangular voxel is gen-
erated by acquiring three orthogonal section-se-
lective pulses, that is, a 90° pulse followed by two
180° pulses. The setup for spectroscopic imaging
is the same as that for morphologic imaging, and
both datasets are usually acquired in the same
examination to overlay metabolic information
directly on the corresponding anatomic images.
The combined MR imaging—MR spectroscopic
examination takes approximately 1 hour.

Prostate Gland Anatomy
Familiarity with the normal anatomy of the pros-
tate gland is crucial for image interpretation. MR
imaging depicts the zonal anatomy of the prostate
with exquisite detail because of its high spatial
resolution, superior contrast resolution, multipla-
nar capability, and large field of view. The pros-
tate is histologically composed of glandular (aci-
nar) and nonglandular elements. The major non-
glandular elements are the prostatic urethra and
the anterior fibromuscular band. The glandular
prostate consists of outer and inner components,
which are differentiated by location, duct anat-
omy, and histologic characteristics. The inner
prostate consists of the periurethral glandular tis-
sue and the transition zone, whereas the outer
prostate consists of the central and peripheral
zones.

The periurethral glands compose less than 1%
of the glandular prostate. The transition zone
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constitutes only about 5% of the glandular pros-
tate in young men. The central zone forms most
of the glandular tissue of the prostatic base and
makes up about 25% of the glandular prostate.
The peripheral zone is the major glandular com-
ponent of the prostate, composing 70% of the
prostate in healthy young men. The junction of
the transition and peripheral zones is marked by a
visible linear boundary, which is often referred to
as the prostate pseudocapsule or surgical capsule.
The true prostate capsule surrounds the periph-
eral zone. The neurovascular bundles are seen
posterolateral to the prostate capsule.

Although the zones of the prostate gland were
first described in the 1960s, the terms were not
commonly used in clinical practice until the
1980s (16). The zones are not only defined histo-
logically; many prostatic diseases have a zonal
distribution. For example, 70% of adenocarcino-
mas arise in the peripheral zone, 20% in the tran-
sition zone, and 10% in the central zone. Con-
versely, benign prostatic hyperplasia usually in-
volves the transition zone. This zone, which is
small and inconsequential in young men, be-
comes hyperplastic and progressively larger with
age. In the radiology literature, the terms central
gland (which refers collectively to the periurethral,
central, and transition zones) and peripheral gland
(which includes only the peripheral zone) are
used as well, especially when describing the sono-
graphic appearance of the prostate zonal anat-
omy.

Other terms used frequently in clinical practice
are those describing the anatomic division of the
prostate into sextants. The sextant description of
the prostate refers to the systematic biopsy of the
right and left base, mid-gland, and apex of the
prostate gland.

MR Imaging Appearance
of Normal Prostate Anatomy

On T1-weighted MR images, the normal prostate
gland demonstrates homogeneous intermediate-
to-low signal intensity. As with computed tomog-
raphy (CT), T1-weighted MR imaging has insuf-
ficient soft-tissue contrast resolution for visualiz-
ing the intraprostatic anatomy or abnormality.
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g.
Figure 1. Normal prostate zonal anatomy in a 60-year-old man depicted with T2-weighted axial MR images ob-
tained at the level of the seminal vesicles (a), the base of the prostate (b), the mid-gland (c, d), the apex (e), and the
membranous urethra (f), as well as coronal (g), midsagittal (h), and parasagittal (i) MR images. The letters in g cor-
respond to the anatomic levels used for images a—f. The vertical line in g indicates the membranous urethral length.
B = urinary bladder, C = central zone, F'S = anterior fibromuscular stroma, P = peripheral zone, SV = seminal
vesicles, T = transition zone, U = urethra.

The zonal anatomy of the prostate gland is best On T2-weighted images (Fig 1), the normal
depicted on high-resolution T2-weighted images peripheral zone demonstrates a high signal inten-
(Fig 1). sity. The peripheral zone is surrounded by a thin

rim of low signal intensity, which represents the
anatomic or true capsule. Low-signal-intensity
foci posterolateral to the capsule are indicative of
neurovascular bundles. The signal intensities in
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Figure 2.
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Postbiopsy hemorrhage. T1- (a) and T2- (b) weighted axial MR images and T2-weighted coronal MR

image (c) demonstrate extensive bilateral postbiopsy hemorrhage in the peripheral zones. The transition zone in the
left lobe demonstrates high signal intensity on the T'1-weighted image (arrow in a) and low signal intensity on the

T2-weighted images (arrow in b and c).

the central and transition zones are lower than
those in the peripheral zone. The central and
transition zones have similar signal intensities and
are best differentiated by their respective ana-
tomic locations. The anterior fibromuscular
stroma has low signal intensity. The proximal
urethra is rarely identifiable unless a Foley cath-
eter is present or a transurethral resection has
been performed. The distal prostatic urethra can
be seen as a low-signal-intensity ring in the lower
prostate. The vas deferens and seminal vesicles
demonstrate high signal intensity.

On contrast-enhanced MR images, the periph-
eral zone enhances more than the transition or
central zone. The contrast resolution is similar to
that seen on T2-weighted images.

MR Imaging Appear-

ance of Prostate Cancer
On T2-weighted images, prostate cancer usually
demonstrates low signal intensity in contrast to
the high signal intensity of the normal peripheral
zone. Low signal intensity in the peripheral zone,
however, can also be seen in several benign condi-
tions, such as hemorrhage, prostatitis, hyperplas-
tic nodules, or posttreatment sequelae (eg, as a
result of irradiation or hormonal treatment)
(Fig 2).

Dynamic contrast-enhanced MR imaging was
developed to help achieve a higher accuracy in
prostate cancer localization and staging than that
obtained with conventional T2-weighted MR im-

aging. The rationale for dynamic contrast-en-
hanced MR imaging is the expectation that in-
creased microvascular density in prostate cancer
would result in different contrast enhancement
than that seen in normal tissue. Numerous con-
trast enhancement parameters can be used to dif-
ferentiate cancerous from benign tissue, including
onset time, time to peak enhancement, peak en-
hancement, relative peak enhancement, and
washout time. Results of a recent study suggest
that the peak enhancement of cancer relative to
that of surrounding benign tissue is the most ac-
curate parameter for cancer localization (17). An
alternative to parameter calculation is to detect
cancer as areas of enhancement on early postcon-
trast images (within the first 30—-60 seconds after
contrast material injection) (18). The optimal
balance between temporal and spatial resolution
is still controversial. Results of a meta-analysis
(19) indicated that dynamic contrast-enhanced
MR imaging can help improve the accuracy of
prostate cancer staging; however, only eight stud-
ies were used in the analysis. In summary, al-
though the early experience with dynamic con-
trast-enhanced MR imaging in the evaluation of
prostate cancer seems promising, more studies
are necessary to optimize the technology and
make a more definitive judgment about its clinical
value.
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Figure 3. Normal prostate gland qu«
depicted with T2-weighted axial MR
image (a) and spectra obtained with
I'H MR spectroscopy (b, c). The ‘m@
spectra grid for the cellular metabo-
lites citrate (Ciz), choline (Ch), and | Jet
creatine (Cr) shown in b corre- ch ij
sponds to the grid overlaid on the ;ﬂ
'15)2—weighted agxial image. p "ﬁ MM u
b. c.
MR Spectroscopy Kurhanewicz et al (20) is often used. In that sys-
of the Prostate Gland tem, a voxel is classified as normal, suspicious for
MR spectroscopy provides metabolic information cancer, or very suspicious for cancer. Further-
about prostatic tissue by displaying the relative more, a voxel may contain nondiagnostic levels of
concentrations of chemical compounds within metabolites or artifacts that obscure the metabo-
contiguous small volumes of interest (voxels). lite frequency range. Voxels are considered suspi-
Currently, three-dimensional proton MR spectro- cious for cancer if the ratio of choline and creatine
scopic metabolic mapping of the entire gland is to citrate is at least 2 standard deviations (SDs)
possible with a resolution of 0.24 mL. Proton MR higher than the average ratio for the normal pe-
spectroscopy displays concentrations of citrate, ripheral zone. Voxels are considered very suspi-
creatine, and choline. Normal prostate tissue con- cious for cancer if the ratio of choline and creatine
tains high levels of citrate (higher in the peripheral to citrate is higher than 3 SDs above the average
zone than in the central and transition zones). ratio (21) (Fig 4). Voxels considered nondiagnos-
Glandular hyperplastic nodules, however, can tic contain no metabolites with signal-to-noise
demonstrate citrate levels as high as those ob- ratios greater than 5. In voxels in which only one
served in the peripheral zone. In the presence of metabolite is detectable, the other metabolites are
prostate cancer, the citrate level is diminished or assigned a value equivalent to the SD of noise.
undetectable because of a conversion from ci- MR spectroscopy enables analysis of the metabo-
trate-producing to citrate-oxidating metabolism. lism in the entire prostate gland. Combined with
The choline level is elevated owing to a high MR imaging, proton MR spectroscopy has shown
phospholipid cell membrane turnover in the excellent sensitivity and specificity in the detec-
proliferating malignant tissue. Hence, the method tion of cancer in the peripheral zone of the pros-
for depicting tumors is based on an increased tate (22).
choline-citrate ratio. Because the creatine peak is
very close to the choline peak in the spectral trace, Prostate Cancer Detection
the two may be inseparable; therefore, for practi- Although routine screening for prostate cancer
cal purposes, the ratio of choline and creatine to remains controversial, PSA testing is widely used
citrate is used for spectral analysis in the clinical in the United States. On the basis of data from
setting (Fig 3). the 2001 Behavioral Risk Factor Surveillance Sys-
There is no consensus about spectral interpre- tem (23), 57% of men at least 50 years of age un-
tation. The classification system described by derwent annual PSA testing, and 75% of all men

in this age group reported being tested at least
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Biopsy-proved Gleason grade 8 adenocarcinoma in a 71-year-old man with a

PSA level of 5.65 ng/mL. (a, b) T2-weighted axial MR image (a) and T2-weighted coronal MR
image (b) show that the dominant tumor (7) within the left peripheral zone extends from the
apex to the base. Obliteration of the left rectoprostatic angle (arrow in a) is indicative of extra-
capsular extension. (c) On the spectra from 'H MR spectroscopy, voxels marked with * show an
increase in choline (Ch/Cr) and a marked decrease in or absence of citrate (Cit); these voxels
correspond to the low-signal-intensity region on the axial MR image (a). The metabolic profile is
indicative of a high-grade tumor. Findings at surgery and histopathologic examination helped
confirm a large Gleason grade 8 tumor with extracapsular extension (stage T3a).

once. A traditional threshold for recommending
prostate biopsy is a PSA level greater than 4 ng/
mL. Measurements such as PSA velocity, PSA
density, and free PSA are sometimes used to im-
prove the accuracy of the test. Causes of elevated
PSA levels aside from cancer include biopsy of
the prostate gland, transurethral prostatectomy,
acute urinary retention, subclinical prostatic in-
flammation, acute prostatitis, and benign pros-
tatic hyperplasia. Stage distribution is affected
substantially by PSA testing, and most of the
cases (up to 70%) are diagnosed in the absence of
symptoms (24). The digital rectal examination is
another common screening test. Ultrasonography
(US) is recommended only if the results of either

PSA testing or digital rectal examination are ab-
normal and suspicious for cancer. Needle biopsy,
with or without transrectal US guidance, is the
method most commonly used for making the his-
tologic diagnosis of prostate cancer. MR imaging
and/or MR spectroscopy are not used as a first
approach to diagnose prostate cancer but may be
useful for targeted biopsy, especially in patients
with PSA levels indicative of cancer but negative
results from previous biopsies; this situation occurs
most commonly with lesions in the anterior periph-
eral or transition zone (ie, regions not palpable at
digital rectal examination and often not routinely
sampled or targeted during biopsy) (25,26).
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Prostate Cancer Diag-

nosis and Characterization
Prostate cancer is a multifocal and histologically
heterogeneous disease, and biopsy is limited in
defining all cancer sites and grades. Estimates
suggest that with a threshold PSA value of 4.1
ng/mlL, 82% of cancers in men younger than 60
years and 65% of cancers in men older than 60
years could be missed (27). Biopsy is considered
the preferred method for prostate cancer detec-
tion and characterization; however, when biopsy
results were compared with those from radical
prostatectomy for sextant tumor localization, the
positive predictive value of biopsy was 83.3% and
the negative predictive value 36.4% (28). In other
studies, up to 30% of cancers were missed at sex-
tant biopsy (29), and the technique was not accu-
rate for defining the location and extent of pros-
tatic carcinoma (30).

One of the most challenging characteristics of
prostate cancer is its variability in biologic aggres-
siveness. In addition, biopsy specimens are not
accurate in the prediction of Gleason score. Stud-
ies of 226 and 449 patients (8,31) found that bi-
opsy enabled the correct prediction of radical
prostatectomy Gleason grade in 31% and 58% of
cases, respectively. Therefore, the need to im-
prove both tumor detection and assessment of
tumor aggressiveness is compelling.

The combined use of MR imaging and MR
spectroscopy improves detection of tumors within
the peripheral zone (21,22,30). It has also been
shown to increase the specificity in the localiza-
tion of prostate cancer in the peripheral zone, al-
though with moderate interreader agreement
(22). Preliminary reports of MR spectroscopy
assessment of tumor aggressiveness have shown
promise. The ratio of choline and creatine to ci-
trate in the lesion shows correlation with the
Gleason grade, with the elevation of choline and
reduction of citrate indicative of increased cancer
aggressiveness (32).

It has also been shown that metabolic and
volumetric data obtained with MR spectroscopy
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correlate with the Gleason grade at pathologic
examination (32). It has been recommended that
the maximum ratio of choline and creatine to ci-
trate combined with tumor volume at MR spec-
troscopy be used as an index to help predict tu-
mor aggressiveness (25). Because Gleason grade
is an important predictor of patient outcome, this
finding provides a rationale for adding MR imag-
ing and/or MR spectroscopy to the pretreatment
evaluation of patients with prostate cancer. To
expand on the current single-institution results, a
multicenter trial is being undertaken to investi-
gate the role of MR imaging alone and in combi-
nation with MR spectroscopy in the detection and
characterization of prostate cancer. This trial in-
cludes an evaluation of the incremental value of
MR imaging and MR spectroscopy combined in
the diagnostic work-up for prostate cancer (33).

Prostate Cancer Staging
Historically, the stage of prostate cancer was
based on the Jewett classification; only in the past
10 years has the TNM system prevailed. At
present, however, both staging systems are in
common use. The Jewett classification system
(stages A—D) was described in 1975 and has since
been modified. In 1997, the American Joint
Committee on Cancer and the International
Union Against Cancer adopted a revised TNM
system that uses the same broad T stage catego-
ries as in the Jewett system but includes subcat-
egories of T stage, including a stage to describe
disease diagnosed by means of PSA screening. In
2002, the American Joint Committee on Cancer
further revised the TNM classification system
(34). This revised TNM system, as shown in
Table 1, is clinically useful and more precisely
stratifies newly diagnosed cancer.

Clinical T staging is largely dependent on im-
aging findings. Compared with CT, US, and digi-
tal rectal examination, MR imaging has a higher
accuracy in the assessment of uni- or bilobar dis-
ease (stage T2), extracapsular extension and
seminal vesicle invasion (stage T3), and invasion
of adjacent structures (stage T4). The literature,
however, shows a wide range (50%—-92%) in the
accuracy of local staging with MR imaging (19).
Despite its high specificity in the identification of
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Table 1
TNM System for Staging Prostate Cancer
Stage Definition
Primary tumor
X Primary tumor cannot be assessed
TO No evidence of primary tumor
T1 Clinically, the tumor is neither palpable nor visible with imaging
Tla Tumor is an incidental histologic finding in 5% or less of tissue resected
T1b Tumor is an incidental histologic finding in more than 5% of tissue resected
Tlc Tumor identified with needle biopsy (eg, because of an elevated PSA level)
T2 Tumor confined within the prostate
T2a Tumor involves one-half of one lobe or less
T2b Tumor involves more than one-half of one lobe but not both lobes
T2c Tumor involves both lobes
T3 Tumor extends through the prostate capsule
T3a Extracapsular extension (unilateral or bilateral)
T3b Tumor invades seminal vesicle(s)
T4 Tumor is fixed or invades adjacent structures other than seminal vesicles: bladder neck,
external sphincter, rectum, levator muscles, and/or pelvic wall
Regional lymph nodes
NX Regional lymph nodes were not assessed
NO No regional lymph node metastasis
N1 Metastasis in regional lymph node(s)
Distant metastasis
MX Distant metastasis cannot be assessed (not evaluated with any modality)
MO No distant metastasis
M1 Distant metastasis
Mla Nonregional lymph node(s)
Mlb Bone(s)
Mlc Other site(s) with or without bone disease

Source.—Reference 32.

Table 2
Extracapsular Extension Criteria on
MR Images

Neurovascular bundle asymmetry

Tumor envelopment of the neurovascular bundle
Angulated contour of the prostate gland
Irregular, spiculated margin

Obliteration of the rectoprostatic angle

organ-confined disease and extracapsular exten-
sion, owing to lower sensitivity and substantial
interobserver variability, the routine use of MR
imaging in the local staging of prostate cancer
remains controversial.

Increased experience in interpretation and a
better understanding of morphologic criteria used
to diagnose extraprostatic disease are key to fur-
ther improving the role and accuracy of MR im-
aging in staging. The combined use of MR imag-
ing and MR spectroscopy substantially improves
the evaluation of extracapsular extension and de-
creases interobserver variability (22). In addition,
the combined MR imaging—MR spectroscopy
approach enables the assessment of tumor aggres-
siveness. Findings used to diagnose extracapsular
extension at endorectal coil MR imaging are
listed in Table 2 and illustrated in Figures 4, 5,
and 6.
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Figure 5.

Four different prostate cancer cases with extracapsular extension of the tumor (7). T2-weighted axial

MR images show an asymmetric bulge and spiculated margin (arrow in a), obliteration of the rectoprostatic angle
(arrow in b), breach of the capsule with direct tumor extension and envelopment of the neurovascular bundle (arrow
in ¢), and asymmetry of the neurovascular bundles (arrows in d).

a. b. c.

Figure 6.

Biopsy-proved adenocarcinoma in a 61-year-old man. (a, b) T2-weighted axial MR images obtained at

the level of the base of the prostate (a) and at the seminal vesicles (b) show a low-signal-intensity tumor (7) in the
base of the right lobe with extracapsular extension (arrow in a) and invasion into the seminal vesicles bilaterally (ar-
rows in b). (¢) T2-weighted coronal image shows asymmetry of the right and left lateral aspects of the base, with an
angulated contour of the right base (arrow), a finding that is highly suggestive of extracapsular extension of the tumor
(T). (d) On the T2-weighted sagittal MR image, the fat plane between the seminal vesicle and the posterior urinary
bladder is obliterated (arrow). The angle made by the posterior bladder wall and the anterior border of the seminal
vesicles is more convex than that seen in healthy men (cf Fig 11).

In addition to extracapsular extension, seminal
vesicle invasion is an important prognostic clinical
parameter because it is associated with the highest
rates of treatment failure—second only to lymph
node metastases (35,36). The combination of
images obtained in the transaxial, coronal, and
sagittal planes facilitates the diagnosis of both ex-
tracapsular extension and seminal vesicle inva-
sion. The criteria for diagnosing seminal vesicle
invasion at MR imaging are listed in Table 3.

MR imaging is also helpful for diagnosing the
invasion of adjacent organs (eg, the urinary blad-
der and rectum). The sagittal imaging plane opti-
mizes the evaluation of tumor extension into the
bladder and rectum (Figs 7, 8).

In the evaluation of lymph node metastases,
efficacy data for MR imaging and CT are similar,
with both modalities having low sensitivity. Re-
sults of a recent investigation (37) showed that
high-resolution MR imaging with lymphotropic
superparamagnetic nanoparticles holds consider-
able promise in the detection of occult lymph
node metastases. Radionuclide bone scanning is
the initial imaging modality recommended for
detecting bone metastases. Although MR imaging
is more sensitive than radionuclide scanning,
evaluation of the entire skeletal system has not
been critically analyzed. Reported cutoff values of
PSA level used to identify patients at high risk for
lymph node and bone metastases are around 15
ng/mL and 20 ng/mL, respectively; however,
there is considerable variation in cutoff values
among different series in the literature (38,39).
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Table 3
Seminal Vesicle Invasion Criteria on
MR Images

Focal low signal intensity of the seminal vesicle

Enlargement with a low-signal-intensity mass

Direct tumor extension from the base to the under-
surface of the seminal vesicle

Expanded low-signal-intensity ejaculatory duct with
low-signal-intensity seminal vesicle

Prostate Cancer

Treatment Planning
The thrust of cancer care is risk-adjusted, patient-
specific therapy designed to maximize cancer con-
trol while minimizing the risks of complications.
Risk-adjusted, patient-specific treatment of pros-
tate cancer necessitates the accurate characteriza-
tion of the location and extent of cancer. The op-
timal therapeutic approach varies widely; options
include watchful waiting, androgen ablation
(chemical or surgical castration), hormone
therapy, radical surgery, and various forms of ra-
diation therapy (brachytherapy, external beam
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Figure 7. Biopsy-proved Gleason grade
8 adenocarcinoma in a 58-year-old man
with a PSA level of 50.0 ng/mL. T2-
weighted axial (a) and sagittal (b) MR im-
ages reveal a large tumor (7) that invades
the entire prostate gland and demonstrate
gross extracapsular extension and direct
invasion of the urinary bladder (arrow in a)
and seminal vesicles (arrow in b).

Figure 8. Biopsy-proved Gleason grade
7 adenocarcinoma in a 62-year-old man
with a PSA level of 15.1 ng/mL. T2-
weighted axial (a) and sagittal (b) MR im-
ages demonstrate diffuse tumor invasion of
the prostate gland with direct tumor (7)
extension to the wall of the urinary bladder
and the anterior rectal wall (white arrow).
The multiple low-signal-intensity lesions
(black arrows in a) in the pubic bones are
consistent with bone metastases.

irradiation). The optimal treatment for prostate
cancer is best selected on the basis of clinical
TNM stage, Gleason grade, and the level of the
circulating tumor marker, PSA. The decision to
treat should also take into account patient age,
disease stage, associated medical illnesses, and
the patient’s personal preferences. The inclusion
of MR imaging and/or MR spectroscopic findings
in clinical nomograms helps improve the predic-
tion of cancer extent, thereby improving patient
selection for local therapy. Other advantages of
improved cancer staging include a better stratifi-
cation of patients in clinical trials, the possibility
of monitoring the progress of patients who select
watchful waiting or other minimally aggressive
cancer management options, and the guidance
and assessment of emerging local prostate cancer
therapies. MR spectroscopy has shown great
promise in the differentiation of indolent from
aggressive disease. Therefore, MR imaging and
MR spectroscopy together have the potential to
contribute to both the choice of treatment and
treatment planning.
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Surgery

Most cancers treated today are not palpable, and
apart from the information obtained with US and
biopsy, the surgeon has limited information about
the size, location, and extent of the cancer. MR
imaging can help refine the surgical plan, thus
maximizing the preservation of periprostatic tis-
sues (important for the recovery of urinary and
sexual function) and minimizing the risk of posi-
tive surgical margins. The use of endorectal coil
MR imaging before radical prostatectomy can
have an influence on the surgical decision to spare
or resect the neurovascular bundles; this is espe-
cially valuable in high-risk patient groups. MR
imaging can also be useful for predicting intraop-
erative blood loss during radical retropubic pros-
tatectomy (ie, a cutoff value of 4-mm separation
from tumor to apical periprostatic veins at MR
imaging has been shown to correlate with greater
blood loss) (40). In addition, MR imaging can
help predict urinary incontinence after radical
retropubic prostatectomy. In a series of 211 pa-
tients, Coakley et al (41) demonstrated that the
membranous urethral length, as measured at MR
imaging, is associated with the return of urinary
continence after surgery. Patients with a longer
membranous urethra regain urinary continence at
a substantially faster rate.

Radiation Therapy

The most commonly used forms of radiation
therapy for prostate cancer are brachytherapy,
three-dimensional conformal radiation therapy,
and intensity-modulated radiation therapy. The
guidelines for the optimal choice of treatment are
not well established, and the choices are often
empirical. The results of several retrospective
analyses and the early results of clinical trials indi-
cate that an increased radiation dose is associated
with reduced rates of biochemical failure and
may, therefore, increase local control rates and
decrease the risk for distant metastasis and the
rate of overall mortality (42—44). This observa-
tion is important in the treatment of intermediate-
or high-risk prostate cancer patients; however,
increased radiation doses may be associated with
a risk of treatment morbidity (45). Both three-
dimensional conformal radiation therapy and, in
particular, intensity-modulated radiation therapy
offer the possibility of combining very high radia-
tion doses in areas of high tumor-cell density
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Figure 9. Biopsy-proved Gleason grade
8 adenocarcinoma in a 74-year-old man
with a PSA level of 20.2 ng/mL. T2-
weighted axial MR image shows a midline
low-signal-intensity lesion in the peripheral
zone with focal smooth bulging of the cap-
sule. The patient was treated with inten-
sity-modulated radiation therapy. The MR
imaging findings, in particular the close
spatial relationship between the tumor (7)
and rectal wall, were helpful for designing
the radiation treatment plan.

within the prostate gland without substantially
increasing the risk of normal tissue damage. Be-
cause of its ability to show tumor location and
extent, MR imaging can be of tremendous help in
three-dimensional conformal or intensity-modu-
lated radiation therapy planning, both of which
require knowledge of tumor location, volume,
and extent (Fig 9).

Further implementation of these technologic
advances has increased the interest in imaging
techniques that are able to help map tumor vol-
ume or localize more aggressive regions within the
tumor, such as highly proliferating or hypoxic foci
(46). Such imaging-optimized dose delivery has
shifted radiation therapy planning toward a more
individualized treatment approach. MR imaging
is more accurate than CT in defining the prostate
volume, with the highest nonagreement in the
apex and posterior parts of the gland and the
seminal vesicles (47—49). Prostate volumes de-
rived with CT are larger than those derived with
MR imaging. MR imaging is also more accurate
in the anatomic delineation of surrounding struc-
tures, such as the rectal wall, the sigmoid, the ure-
thra, and the penile bulb, which are at risk for
radiation-induced tissue damage. The dose deliv-
ered to the rectal wall and bulb of the penis is
substantially reduced with treatment plans based
on the MR imaging—delineated prostate anatomy



RadieGraphics

RG M Volume 24 « Special Issue

compared with treatment plans based on the CT-
delineated prostate anatomy, decreasing the risk
of rectal and urologic complications (50). Meta-
bolic mapping of the prostate gland with MR
spectroscopy offers the possibility for tumor-tar-
geted radiation therapy (ie, intraprostatic dose
escalation), which is applicable with both external
radiation treatment and brachytherapy (51,52).

Conclusions
A combination of MR imaging and MR spectros-
copy provides superb anatomic and metabolic im-
ages of prostate and pelvic anatomy, thus facilitating
the detection of cancer and the evaluation of tumor
volume, aggressiveness, and extent. With more re-
fined techniques, more experienced readers, more
uniform image interpretation, and greater emphasis
on teamwork with members of the urology and ra-
diation oncology departments, the MR imag-
ing—-MR spectroscopy approach will have tremen-
dous potential to improve patient care.
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