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Abstract

Context: Magnetic resonance imaging (MRI) combined with magnetic
resonance spectroscopy imaging (MRSI), dynamic contrast-enhanced
MRI, and diffusion-weighted MRI emerged as promising tests in the
diagnosis of prostate cancer, and they show encouraging results.
Objective: This review emphasizes different functional MRI techniques
in the diagnosis of prostate cancer and includes information about their
clinical value and usefulness.
Evidence acquisition: The authors searched the Medline, Embase, and
Cochrane Library databases. There were no language restrictions. The
last search was performed in October 2008.
Evidence synthesis: The combination of conventional MRI with func-
tional MRI techniques is more reliable for differentiating benign and
malignant prostate tissues than any other diagnostic procedure. At
present, no guideline is available that outlines which technique is best
in a specific clinical situation. It also remains uncertain whether
improved spatial resolution and signal-to-noise ratio of 3-T MRI will
improve diagnostic performance.
Conclusions: A limited number of small studies suggest that functional
MRI may improve the diagnosis and staging of prostate cancer. This
finding needs further confirmation in larger studies, and cost-effective-
ness needs to be established.
# 2009 European Association of Urology. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Despite advances in prostate cancer (PCa) detection
and treatment, the disease continues to represent
an enormous healthcare burden. Among men in the
European Union, PCa accounts for approximately
11% of all cancers and 9% of all cancer deaths [1].

The diagnosis of PCa is based on a combination of
digital rectal examination (DRE), serum prostate-
specific antigen (PSA) testing, and transrectal ultra-
sound (TRUS)–guided biopsy. In prostate cancer
diagnosis or staging, neither computed tomography
(CT) nor magnetic resonance imaging (MRI) are
routinely recommended by European Association of
Urology (EAU) guidelines. Since the gold standard for
lymph node staging is still pelvic lymphadenec-
tomy, cross-sectional imaging is only recommended
in patients at high risk for lymphnode metastasis.
Bone scan is the standard technique in patients at
high risk for bone metastases [2,3].

Although MRI plays a limited role in published
guidelines, it is increasingly gaining recognition
as an important tool for the detection, localization,
and staging of primary and recurrent PCa, permit-
ting improved treatment selection and planning.
Because the development of prostate cancer is
associated with changes in metabolism, diffusion,
and blood flow, functional magnetic resonance (MR)
imaging techniques can aid in the detection and
evaluation the disease.

The aim of this article is to review the current
clinical status of advanced MRI techniques for the
detection, staging, and follow-up of PCa, paying
special attention to the needs of clinicians. All
techniques described in this article are available and
are clinically used at both 1.5-T and 3-T magnetic
field strengths; therefore, MR-related technical
issues will not be discussed.
2. Evidence acquisition

The authors searched the Medline, Embase, and
Cochrane Library databases. There were no lan-
guage restrictions. The last search was performed in
October 2008.
3. Evidence synthesis

3.1. Magnetic resonance imaging of prostatic zonal

anatomy

The normal anatomy of the prostate consists of
four anatomic regions, first described by McNeal in
1981 [4]. In relation to these regions, the prostatic
urethra provides a central anatomic reference point
[1]. The peripheral zone (p-zone) constitutes>70% of
the glandular prostate in younger men. The majority
of all carcinomas arise here [2]. The central zone
(c-zone) constitutes 25% of the glandular prostate.
Marked histologic differences between c-zone and
p-zone suggest important biologic differences. The
small transitional zone (t-zone) and several periur-
ethral ducts are the exclusive site of origin of benign
prostatic hyperplasia (BPH) [4]. The anterior fibro-
muscular stroma forms the entire anterior surface
of the prostate as a thick, nonglandular apron,
covering the anterior surface of the three glandular
regions. It is inseparably fused with the glandular
prostate [4–6]. T2-weighted MRI is best suited to
visualize the zonal anatomy of the prostate [4].

3.2. Advanced and functional magnetic resonance

imaging techniques

Since the mid-1980s, intense research has focused
on complementary techniques to improve the
detection and staging of PCa. While proton magnetic
resonance spectroscopic imaging (MRSI) can provide
metabolic information, diffusion-weighted MRI
(DW-MRI) allows in vivo measurement of diffusion
coefficients of biological tissues, and dynamic
contrast-enhanced MRI (DCE-MRI) enables noninva-
sive visualization of tissue vascularity.

3.2.1. Magnetic resonance spectroscopic imaging

In MRSI, a three-dimensional (3D) data set of the
prostate is acquired, with volume elements (voxels)
ranging from 0.24 cm3 to 0.34 cm3 in size [7,8]. This
technique produces an array of MR spectra showing
the relative concentrations of metabolites within
voxels. MRI is followed by MRSI. The metabolic data
from MRSI are superimposed onto MR images to
help identify and localize PCa [9–11] (Figs. 1–5).

MRSI sequences suppress signal contributions
from water and fat and emphasize contributions
from metabolites that are characteristic for prostatic
tissue and PCa. The metabolites measured by in vivo
MRSI are citrate, creatine, choline, and polyamines.
PCa is identified on MRSI by an increased ratio of
choline plus polyamines plus creatine to citrate
[12,13]. Today, different postprocessing software
packages for spectroscopy are commercially avail-
able.

3.2.2. Diffusion-weighted magnetic resonance imaging

DW-MRI yields qualitative and quantitative infor-
mation reflecting tissue cellularity and cell mem-
brane integrity and thus complements morphologic
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Fig. 1 – Magnetic resonance imaging (MRI) and magnetic resonance spectroscopic imaging (MRSI) data from a 46-yr-old

patient with prostate cancer (clinical stage T2a, biopsy Gleason score 6, and prostate-specific antigen level of 4.2 ng/ml): (a)

MRSI grid superimposed on transverse T2-weighted MRI; (b) low signal intensity in the left peripheral zone MRSI grid

showing all spectra with voxel suspicious for cancer (outlined in bold black line); (c) spectrum of the voxel suspicious for

cancer in the peripheral zone showing creatine (Cr), reduced citrate (Cit), elevated choline (Cho), and polyamines (PA)

undetectable; (d) spectrum of a voxel from healthy peripheral zone tissue showing Cr, high Cit, equal PA, and Cho.
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information obtained with conventional MRI. The
motion of water molecules in extra- and intracel-
lular spaces contributes to the net water displace-
ment measured by DW-MRI. The degree of H2O
diffusion in biologic tissue is inversely correlated to
the tissue cellularity and the integrity of cell
membranes [14–17]. Generally, the motion of water
molecules is more restricted in tissues with a
high cellular density and intact cell membranes
(eg, tumor tissue). The displacement of a single
water molecule that occurs during a diffusion
measurement is estimated to be approximately
8 mm. By comparison, the size of cells in the human
body measure about 10 mm [18]. Qualitative (visual)
assessment of relative tissue signal attenuation at
DW-MRI is used for tumor detection and tumor
characterization, while quantitative analysis of DW-
MRI is achieved by calculation of the apparent
diffusion coefficient (ADC). The ADC is calculated
for each pixel of the image and is displayed as
a parametric map (ADC map) [19]. In summary,
DW-MRI derives its image contrast from differences
in the motion of water molecules between tissues.
These images can be acquired quickly without the
administration of exogenous contrast medium.

3.2.3. Dynamic contrast-enhanced magnetic resonance

imaging

DCE-MRI is based on repetitive acquisition of
sequential images during the passage of a contrast
agent within a tissue of interest. It has long been
known that an abnormal vasculature is an integral
feature of tumors [20,21]. Techniques based on the
assessment of neoangiogenesis, therefore, can only
detect those tumors in which the angiogenic path-
way has been turned on [20]. A number of features of
tumor vascularity are characteristic of malignancy
such as chaotic structure, arteriovenous shunting,
high permeability, and areas of hemorrhage [22].
Furthermore, because the amount of interstitial
space is greater in cancerous tissue than in normal
tissue, there is a larger difference in contrast
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Fig. 2 – Magnetic resonance imaging (MRI), magnetic resonance spectroscopic imaging (MRSI), and pathologic data from a

57-yr-old patient with prostate cancer (clinical stage T1c, Gleason score of 6, and prostate-specific antigen level of

4.0 ng/ml). This patient had a clinical history of chronic prostatitis, and histopathologic findings confirmed severe chronic

prostatitis and focal cancer. (a) Transverse T2-weighted MRI shows two regions of interest, one marked with solid lines and

the other marked with dashed lines; regions of interest exhibit abnormal diffuse low signal intensity. (b) MRSI voxels

marked with solid lines in (a) have a magnetic resonance (MR) spectral pattern of elevated choline and no citrate; these

findings mimic those of cancer. (c) Voxels marked with a dashed line have an MR spectral pattern consistent with cancer.

(d) Step-section pathologic map corresponds to MRI in (a), with chronic prostatitis marked with a thin line in the right half of

the gland and cancer marked with a thick line in the left peripheral zone. Spectral findings at MRSI resulted in

overestimation of voxels with a cancer-like pattern and caused false-positive findings. Adapted with permission from the

Radiological Society of North America [86].
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material concentration between the plasma and the
interstitium [23,24]. MRI sequences have been
designed that are sensitive to tissue perfusion and
blood volume (so-called T2* methods) or microvessel
perfusion, permeability, and extracellular leakage
space (so-called T1 methods). At present, there are
only limited data on T2*-weighted MRI and PCa in
the literature and most authors have been focusing
on T1-weighted DCE-MRI [20,21].

DCE-MRI enables the visualization of lesion
vasculature and permeability. DCE-MRI may allow
noninvasive characterization of PCa and, therefore,
may play a role in tumor detection and therapy
monitoring.

3.3. Diagnostic accuracy of magnetic resonance imaging

techniques at 1.5 T

3.3.1. Tumor detection and localization

3.3.1.1. Magnetic resonance imaging. Reviewing the litera-
ture, Engelbrecht et al [25], examined factors
influencing the heterogeneous reported staging
performance of MRI. Their results suggest that the
use of fast spin echo, an endorectal coil, and
multiple imaging planes improve staging perfor-
mance. Additionally, the group showed that in
distinguishing between PCa stages T2 and T3, MRI
has a combined sensitivity and specificity of 71%.
In contrast, a cohort study [26] on >300 consecutive
patients with biopsy-proven PCa compared preo-
perative MRI findings to clinical data in the predic-
tion of extracapsular extension (ECE). In the
evaluation of ECE, endorectal MRI findings had
sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) of
42.2%, 95.4%, 74.5%, and 83.8%, respectively. In a
multivariate analysis to predict ECE, the area under
the receiver operating characteristic (ROC) curve
(0.838) was greater for the model with clinical
variables and endorectal MRI findings than that
for the model with clinical variables alone (0.772;
p = 0.022). In a study of >600 patients, the same
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Fig. 3 – A 3-T magnetic resonance image (MRI) (left) and diffusion-weighted MRI (right) in a 67-yr-old male with stage T2b

prostate cancer in the left midgland. T2-weighted axial image acquired at 3 T without endorectal coil shows confluent area

of hypointense signal in the left peripheral zone (arrows). The corresponding diffusion-weighted image (b-value: 500)

shows restricted diffusion in the same area, most consistent with prostate cancer. Histopathology showed a tumor Gleason

score of 6.

Fig. 4 – T2-weighted magnetic resonance imaging (MRI) and dynamic contrast-enhanced MRI (DCE-MRI) in a patient with

suspected local recurrence after radical prostatectomy: (A) T2-weighted, 1.5-T MRI without endoscopic retrograde

cholangiography (ERC) shows focal hypointense signal at the site of anastomosis after radical prostatectomy; (B) magnetic

resonance spectroscopic imaging (MRSI) confirms the presence of tumor tissue by showing an abnormal spectrum (high

choline and creatine peak, low citrate); additionally, (C) DCE- MRI displays hyperperfusion (curve 2) of tumor tissue in

comparison to (D) obturator muscle (curve 1).
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Fig. 5 – Endoscopic retrograde cholangiography (ERC) magnetic resonance imaging (MRI) in a patient treated with external

beam radiotherapy and a current serum prostate-specific antigen (PSA) level of 4.5 ng/ml. (A) T2-weighted MRI shows

uniform hypointense signal throughout the gland, a finding that is characteristic after radiation therapy; markedly

decreased signal is seen in the left peripheral zone (arrows). (B) The coronal T2-weighted image shows that the tumor

invades the left seminal vesicle. (C) The patient subsequently underwent salvage prostatectomy, and whole mount

histopathology confirmed presence of cancer in left peripheral zone.
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group confirmed that MRI contributed an incre-
mental value to the preoperative Partin tables (2001
version) in the prediction of organ-confined PCa.
The area under the ROC curve for the preoperative
staging nomogram was 0.80, while the area under
the ROC curve for the combination of nomogram
and MRI findings was 0.88 ( p < 0.01) [27]. Similarly,
MRI was found to add significant incremental value
to the standard clinical nomogram for predicting
seminal vesicle invasion (SVI) [28]. A wide range of
accuracy levels have been reported for MRI in the
detection of ECE (from 54% to 83%) [29–32] and SVI
(from 81% to 93%) [33–35].

In terms of discrimination between benign and
malignant tissue (detection accuracy) in men with
suspected PCa and elevated PSA levels, most studies
use prostate needle-biopsy pathology as a (poor)
reference standard to rule out or confirm malig-
nancy. In seven studies with mean patient serum
PSA levels ranging from 6.55 ng/ml to 19.4 ng/ml,
ranges for the sensitivity, specificity, PPV, NPV,
and accuracy of MRI were 41.2–100%, 50–97%, 34.8–
77.8%, 63–100%, and 64–75.9%, respectively [36–42].
False-positive rates as low as 6% and as high as 35%
have been reported [43,44] and have been attributed
to postbiopsy hemorrhage, prostatitis, and glandu-
lar or fibrous hyperplasia foci.

3.3.1.2. Advanced magnetic resonance imaging techniques. The
first advanced MRI technique that was evaluated in
larger studies is MR spectroscopy imaging (MRSI).
Due to its ability to show abnormalities in prostate
metabolism, MRSI adds incremental information to
morphological MR images. Scheidler et al [9] demon-
strated that the addition of 3D MRSI to MRI improves
PCa detection and localization on a per-sextant basis,
increasing the sensitivity and specificity; for loca-
tions in the p-zone, PPV and NPV were 89–92%
and 74–82%, respectively. The same group proposed
the use of 3D MRSI to improve accuracy and
reproducibility in the prediction of ECE [45]. When
compared with nomograms (Partin tables, 2001
version) alone, the combination of MRI/MRSI and
nomograms performed significantly better in pre-
dicting organ-confined disease and SVI. Accuracy in
the prediction of organ-confined PCa with MRI was
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higher when MRSI was used, but the difference was
not significant [27,28]. Recent retrospective studies
[11,12,46–48] in patients with PCa confirmed at
surgical pathology found that combined MRI/MRSI
had sensitivity of 42–93%, specificity of 81–89.3%,
accuracy of 74–85%, NPV of 50–86%, and PPV of 81–
93%, respectively, in staging PCa. When combined
MRI/MRSI was investigated for tumor localization on
a per-sextant basis, MRI and 3D MRSI were each more
sensitive (67% and 76%, compared with 50%, respec-
tively), but less specific (69% and 57%, compared with
82%, respectively) than sextant prostate biopsy. MRI
and combined 3D MRSI have also been shown to be
superior to sextant biopsy, with the largest increase
in diagnostic accuracy at the apex of the prostate,
which is difficult to reach by biopsy [47]. One study
found that when cancer was detected on both MRI
and MRSI, the combination of the two modalities had
a PPV of 89–92% for prostate cancer in a sextant,
while sensitivity and specificity were calculated to be
63% and 75%, respectively [9]. A recent prospective
study in 39 patients with elevated PSA levels that
used prostate biopsy as reference standard showed
that combined MRI/MRSI reached a 79% accuracy in
the localization of PCa [49], which is in agreement
with a single-institutional study on 42 patients with a
reported accuracy of 74.2% for tumor detection in the
prostate [50].

While MRSI depicts intraprostatic metabolism,
DW-MRI is employed to assess the degree of water
diffusivity within a given volume of interest.
Generally, the motion of water molecules is
restricted in areas of PCa, which leads to decreased
signal intensity in both diffusion-weighted and ADC
images. In an early clinical retrospective single-
institutional study comparing MRI to combined MRI
and DW-MRI in 124 consecutive patients with
clinically suspected PCa (mean PSA level: 21.8 ng/
ml), the sensitivity, specificity, PPV, and NPV of
combined MRI/DW-MRI for prostate cancer were
reported to be 86%, 84%, 90%, and 79%, respectively
[51]. Another prospective, single-institution study of
33 patients showed that ADC values of malignant
prostate tissue were significantly lower than in
benign tissue. In this study, DW-MRI had a reported
sensitivity of 86.7% and specificity of 72.2% for
identifying malignant p-zone lesions [52]. In a
prospective study of 56 patients (PSA level between
2.3 ng/ml and 46 ng/ml), Morgan et al showed
improved sensitivity (73.2% for combined MRI/
DW-MRI vs 50% for MRI alone) for an experienced
reader in PCa detection. Specificity, accuracy, PPV,
and NPV also improved from 79.6% to 80.8%, 66.6% to
77.5%, 65.7% to 74.8%, and 67.1% to 79.5%, respec-
tively [53]. Recently, a study using surgical pathology
as the reference standard demonstrated that the
addition of DW-MRI to MRI significantly increased
the detection rate of PCa in the t-zone. This study
also revealed a relationship between histologic
grade expressed by Gleason score and ADC values
[54]. A recent study was the first to confirm on
whole-mount, step-section pathology that there
was a significant difference in ADC between BPH
and PCa; this study also showed a significant overlap
in ADC values of cancer and normal tissue,
suggesting that not absolute ADC values, but rather
relative differences in ADC values in each individual
patient are important [55].

While DW-MRI techniques focus on motion of
water molecules in different tissues, DCE-MRI aims
at depiction of vascularity. Generally, malignant
tumors tend to enhance more strongly and avidly
than healthy prostate tissue, which leads to a more
pronounced signal increase on T1-weighted, time-
resolved imaging. Clinical experiences with the
technique were first reported in the mid-1990s
and many studies have found functional DCE-MRI
to be superior to morphological T2-weighted MRI
alone. In 1997 Jager et al [56] reported that the
sensitivity and accuracy for DCE-MRI (73.5% and
77.5%, respectively) were higher than for MRI alone
(57.5% and 72%, respectively), and that specificities
were equivalent for the two techniques (80.5% for
MRI vs 81% for DCE-MRI). Several studies on DCE-
MRI that used surgical pathology as the reference
standard have reported sensitivity, specificity, and
accuracy levels ranging from 69% to 95%, from 80%
to 96.2%, and from 77.5% to 92%, respectively [56–61].
In a prospective study of 34 patients using whole-
mount histopathology as the reference standard,
Fütterer et al [61] found that for the localization of
tumors with volumes of �0.5 cm3, interpretation of
T1-weighted DCE-MRI in conjunction with T2-
weighted MRI led to an increase in sensitivity from
69% to 95%, while specificity (80–96%) and accuracy
(81–93%) also increased. For the assessment of ECE,
the diagnostic accuracy of combined MRI and DCE-
MRI was 95–96%. Sensitivity, specificity, PPV, and
NPV were 82–91%, 95%, 90–91%, 91–95%, respec-
tively. With combined MRI and DCE-MRI, under-
staging occurred in 3–9%, and overstaging occurred
in 3–6% of patients [62]. Recently, Ren et al inves-
tigated the correlation between enhancement rate,
expression levels of vascular endothelial growth
factor (VEGF), and microvascular density (MVD) in
both prostate cancer and BPH; the group reported
that VEGF expression and MVD were significantly
higher in PCa than in BPH. They also found a positive
correlation between the degree of enhancement,
expression levels of VEGF, and MVD, and therefore
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concluded that DCE-MRI has the potential to depict
and monitor tumor angiogenesis [63].

In an attempt to improve PCa detection, several
study groups have investigated combinations of
advanced MR techniques in order to further improve
diagnostic accuracy in the localization of PCa. In a
prospective study, 83 consecutive male patients
with clinical suspicion of PCa underwent T2-
weighted MRI, DCE-MRI, and DW-MRI before biopsy.
In ROC analyses the Az-values were 0.711, 0.905, and
0.966 for T2-weighted MRI alone, T2-weighted MRI
plus DW-MRI, and T2-weighted MRI plus DW-MRI
and DCE-MRI, respectively [40]. In a different retro-
spective single-institutional study, another group
investigated 42 patients with elevated PSA levels;
Az-values were 0.848, 0.860, and 0.961 for T2-
weighted MRI, DW-MRI, and MRSI, respectively.
When all three techniques were used in unison, the
Az-value increased to 0.978, which led to the
conclusion that PCa may be more effectively
diagnosed by a combination of the three techniques
than by using any of them alone [41]. Other studies
showed similar results with improved PCa detection
for combined MR protocols [50,64,65].

In summary, advanced functional imaging tech-
niques significantly increase the sensitivity of MRI
in the detection and staging of prostate cancer.
MRSI, DW-MRI, and DCE-MRI all deliver additional
information to morphologic changes depicted on
T2-weighted MR images. It is important to carefully
tailor MRI examination protocols to individual
patient clinical history; if applied to appropriately
selected patients, each of the three techniques will
help to better characterize, stage, and grade poten-
tial malignancy of the prostate.

3.3.2. Clinically suspected prostate cancer after previous

negative biopsy

One of the most challenging clinical settings con-
cerns patients with persistent elevation of serum
PSA levels and previous negative transrectal biop-
sies of the prostate. Several recent publications on
MRI techniques focus on this clinical setting. In this
patient cohort, an ideal diagnostic test would
provide a high NPV in order to minimize unneces-
sary repeat prostate biopsies. In a prospective
analysis, Beyersdorff et al found a sensitivity of
83% and a PPV of 50% for detection of PCa at MRI
(DRE: 33% and 67%; TRUS: 33% and 57%). At site-by-
site analysis, MRI results did not correlate signifi-
cantly with individual biopsy site findings [66].
Another study assessed the value of endorectal
MRI in the prediction of negative biopsies and
compared it to PSA levels and DRE findings. Some
92 patients with elevated PSA levels (>4 ng/ml) and/
or abnormal DRE findings underwent one to five sets
of TRUS-guided prostate biopsies after MRI. The
combination of MRI with DRE and PSA had the
highest accuracy (83%) in PCa detection, signifi-
cantly higher than that of DRE or PSA alone (70%).
The probability of a positive biopsy result in patients
PSA values between 5 mg/ml and 15 ng/ml and
negative findings on DRE and MRI was 5–10% at
first and second biopsies but decreased progres-
sively to <3% at the fifth biopsy. The conclusion of
this study was that in patients with elevated serum
PSA levels and/or abnormal DREs who have under-
gone two negative biopsy sessions, a negative
endorectal MRI examination may be sufficient to
avoid subsequent biopsies [67].

In each of 24 patients with at least one negative
prostate biopsy session, Yuen et al [68] performed 10
random biopsies and up to 4 targeted biopsies that
aimed at areas positive for PCa at MRI and/or MRSI.
Prostate cancer was detected at biopsy in seven
patients; in two of these seven patients, cancer
would have been missed if TRUS-guided biopsy had
not been directed at the abnormal areas detected by
MRI and/or MRSI. Combined MRI/MRSI detected
prostate cancer on a per-patient basis with an
accuracy of 79.2% and with sensitivity, specificity,
PPV, and NPV of 100%, 70.6%, 58.3%, and 100%,
respectively. In another study, combined MRI/MRSI
was performed in 42 patients with an average of two
previously negative prostate biopsies and an aver-
age PSA level of 12 ng/ml (range: 3.9–35 ng/ml).
Following imaging, each patient had 10 targeted
biopsies. Among 15 patients with biopsy results
positive for PCa, tumor locations were identical for
biopsies and combined MRI/MRSI of the prostate in
nine cases, and identical for biopsies and MRSI alone
in another five cases. MRI/MRSI had sensitivity of
73.3% and specificity, PPV, NPV, and accuracy of
96.3%, 91.6%, 86.6% and 88%, respectively [69].
Accordingly, targeted biopsies may improve the
diagnostic yield to a greater degree than an
increased number of biopsies. The first study using
DCE-MRI before repeat biopsy showed rather dis-
appointing results on 26 consecutive patients.
Although endorectal MRI before TRUS guided pros-
tate biopsy tended to detect a greater number of
cancers, the difference was not statistically signifi-
cant. With a NPV of 14% and 15% for T2-weighted
MRI and DCE-MRI, respectively, combining the two
techniques did not lead to better detection rates.
When either T2-weighted MRI or DCE-MRI was
positive; sensitivity and specificity were 40% and
66.4%, respectively [70].

In summary, MRI appears to be useful for ruling
out cancer in patients at risk for PCa with previous
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negative biopsies; in addition, there is evidence that
the use of MRI to plan targeted biopsies may lead to
the detection of cancers that would have been
missed on systematic biopsies.

3.3.3. T2-weighted magnetic resonance imaging and

complementary techniques in the setting of prostate specific

antigen level relapse after definitive treatment

The key clinical consideration in evaluating patients
with suspected recurrence is the differentiation
between local and metastatic disease based on
clinical parameters such as pathologic stage and
tumor grade at the time of definitive treatment, PSA
doubling time, time interval between surgery and
PSA relapse, and nomograms. Patients with local
recurrence following external beam radiation ther-
apy (EBRT) may be considered to be good candidates
for salvage prostatectomy, while patients with a PSA
serum level of �1.5 ng/ml after radical prostatect-
omy are best treated by salvage radiation therapy [1].
CT and bone scan are of inferior diagnostic value in
patients considered for salvage therapy, who typi-
cally have low PSA levels. Although nomograms
help to statistically differentiate between local and
distant relapse, the usefulness of nomograms is
limited in an individual patient. Hence, imaging
for the detection of local recurrence is of great
importance. Conventional MRI and complementary
functional MRI techniques have shown promise in
the evaluation of the postsurgical pelvis.

3.3.3.1. Magnetic resonance imaging of local recurrence after

prostatectomy. The value of endorectal coil MRI in
detecting local recurrence after prostatectomy was
shown by Silverman and Krebs [71]. In their study of
31 men with biopsy-proved local recurrence, 100%
sensitivity and 100% specificity were achieved using
unenhanced and contrast-enhanced sequences.
Similarly, Sella et al reported a sensitivity of 95%
and specificity of 100% in detecting local recurrence
using unenhanced T1-weighted and T2-weighted
sequences [72]. While all recurrences reported by
Silverman and Krebs were located close to the site of
anastomosis, Sella et al found only 29% of the
recurrences in this location, while 40% were retro-
vesical. Retained seminal vesicles have been found
on MRI in as many as 20% of patients after radical
prostatectomy, and this common finding must be
recognized so that it is not misinterpreted as a local
recurrence [72]. In a recent report, after definitive
treatment for PCa, 51 men underwent combined
endorectal coil MRI and DCE-MRI before TRUS-
guided biopsy of the prostatic fossa. While MRI
alone achieved only an accuracy of 48%, combined
MRI/DCE-MRI had an accuracy of 94% [73]. Only one
study evaluated the sensitivity and specificity of
MRI/MRSI and DCE-MRI individually and in combi-
nation in the detection of PCa local recurrence after
radical prostatectomy. Sciarra et al [74] performed
an analysis in a cohort of 50 patients with biopsy-
proven cancer recurrence (mean serum PSA level:
1.26 ng/ml) and in a second group of 20 patients with
a reduction in PSA level >50% following radiation
therapy (mean serum PSA level: 0.8 ng/ml). The
sensitivity, specificity, PPV, and NPV of combined
MRSI/DCE-MRI were 87%, 94%, 96%, and 79%,
respectively, in group A and were 86%, 100%, 100%
and 75%, respectively, in group B. ROC-analysis
showed that MRSI performed less well in the
postradiation group than in the postsurgery group,
which may reflect the fact that the required voxel
size for spectroscopic imaging is larger than that for
DCE-MRI, an issue that may be especially relevant in
small-volume disease.

3.3.3.2. Magnetic resonance imaging of local recurrence after

external beam radiation therapy. Imaging is a great chal-
lenge in patients with increasing PSA levels after
EBRT. To date, prostate biopsy is the exclusive
method to confirm or rule out recurrence. Due to
sampling errors a false-negative rate of 20% has
been reported for biopsy [1]. The first study on
nine patients that correlated MRI and MRSI after
EBRT with histopathology compared sextant tumor
localization by DRE, sextant biopsy, MRI, and MRSI.
MRI, sextant biopsy, and DRE each had >90%
specificity for sextant tumor localization; however,
MRI had greater sensitivity (68%) than sextant
biopsy (45%) and DRE (16%). MRSI had higher
sensitivity (77%) but lower specificity (78%). Since
metabolically altered benign tissue may be mis-
interpreted as tumor, the authors concluded that
combined MRI/MRSI might be of limited benefit in
evaluating patients with increasing PSA levels after
EBRT [75]. In contrast, other authors suggested that
MRSI but not MRI may be of value for the depiction of
locally recurrent PCa after EBRT. In a study by
Coakley et al that used biopsy findings as the
reference standard, MRSI was significantly more
accurate than MRI in detecting local recurrence of
PCa. The presence of three or more suspicious
voxels in a hemiprostate at MRSI had sensitivity
and specificity of 89% and 82%, respectively for
diagnosing local recurrence [76]. Sella et al retro-
spectively assessed the accuracy of endorectal MRI
for depicting tumor, ECE, and SVI before salvage
prostatectomy in patients with locally recurrent PCa
after radiation therapy [72]. They found that areas
under the ROC curve for two readers were 0.61 and
0.75 for the detection and localization of PCa, 0.76
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and 0.87 for ECE, and 0.70 and 0.76 for SVI. Although
MRI after EBRT and before salvage prostatectomy
showed substantial interobserver variability, even
between readers with similar experience, the
authors suggested that the accuracy of endorectal
MRI in tumor evaluation before salvage prostatec-
tomy is similar to that of endorectal MRI in a
pretreatment setting.

3.4. Advanced magnetic resonance imaging techniques in

characterization of prostate cancer

Theoretically, advanced MRI techniques should be
able to provide information about tumor aggres-
siveness (ie, Gleason score, because they assess
metabolism, water diffusivity, and vascularity). In
an attempt to determine whether metabolic infor-
mation provided by MRSI could be used to predict
the aggressiveness of PCa, Zakian et al [77] inves-
tigated 123 men prior to prostatectomy and found
MRSI was more sensitive in patients with poorly
differentiated neoplasms (Gleason scores �7b).
Tumors with a Gleason score of 6 that were not
detected with MRSI had significantly smaller aver-
age diameters than those that were detected [78].

Using DW-MRI, DeSouza [52] demonstrated that
water diffusion within prostate tumors was sig-
nificantly different in patients with low-risk disease
than in patients with intermediate or high-risk
disease; they concluded that DW-MRI can poten-
tially identify poorly differentiated tumors as these
demonstrate earlier and faster enhancement
[56]. Other studies did not confirm theses findings
[79–82]. Shukla-Dave et al [83] designed new nomo-
gram models combining clinical variables and
biopsy data with MRI and MRSI, and assessed their
value in predicting the probability of insignificant
(<0.5 cm3) PCa. The most discriminating model
combined the variables from the Kattan medium
nomogram model (clinical stage T1c or T2a; primary
and secondary biopsy Gleason grade 1–3 [score �6];
pretreatment PSA level of <20 ng/ml; �50% of
biopsy cores positive) with MRI/MRSI and had an
area under the ROC curve of 0.854; it was signifi-
cantly more accurate than the most accurate clinical
model, which had an area under the curve (AUC)
of 0.726.

In summary, advanced MRI may be beneficial in
characterizing PCa and selecting appropriate treat-
ment. Patients with clinically low-risk disease
are faced with the particularly difficult decision of
whether or not to undergo radical treatment. In the
absence of other biomarkers, functional MRI may
help address this problem, especially for patients
who choose active surveillance, which currently
relies on PSA kinetics and the histology of prostate
biopsy. However, PCa is histologically heteroge-
neous and is multifocal in most patients, and the
biopsy Gleason score is subject to sampling error. It
has been reported that the biopsy Gleason score is
upgraded in as many as 54% of patients after radical
prostatectomy [84]. Thus, a noninvasive technique
that could be used to assess PCa aggressiveness and
could accurately predict the pathologic Gleason
score could make a substantial contribution to the
decision-making process in patients with PCa.
4. Conclusions

The addition of functional MRI techniques to T2-
weighted MRI can provide metabolic information,
display altered cellularity, and aid in noninvasive
characterization of tissue and tumor vascularity.
This may improve PCa detection, localization, and
primary staging. From a clinical point of view, there
are three major concerns: (1) discrimination
between cancer and benign processes in patients
suspected to have PCa; (2) detection of PCa in
patients with previous negative prostate biopsies
and persistent elevation of serum PSA; and (3) local
staging once PCa is diagnosed, which is of key
importance to aid in treatment selection and
planning (eg, nerve-sparing prostatectomy, wide-
excision approach, EBRT, or brachytherapy). The
combination of conventional MRI and functional
MRI techniques is more reliable for differentiating
and benign and malignant prostate tissues than any
other diagnostic procedure and can help address
these major concerns.

Another major concern in daily practice is how to
address PSA-relapse after definitive treatment. In
this setting, combined MRI/MRSI and DCE-MRI seem
to be the diagnostic tools of choice. Although some
authors favor choline-based positron emission
tomography (PET) or CT scanning, MRI provides
better spatial resolution and enables detection of
recurrence in the low PSA range. Confirmation of
local recurrence by imaging can play an important
role in the decision-making process for patients
with PSA relapse, since local recurrences following
EBRT or prostatectomy may be treated by salvage
radiation therapy or salvage prostatectomy, respec-
tively. Despite rapid advances in imaging technol-
ogies, large randomized studies demonstrating the
usefulness of different MR techniques have yet to be
completed. Furthermore, no guidelines or reports
are available outlining which technique is best in a
specific clinical situation, and the clinician is left to
utilize the technology available at his or her own
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institution. It also remains uncertain whether
improved spatial resolution and signal-to-noise
ratio of a 3-T MRI will improve the diagnostic
performance or will be beneficial in the imaging
workup of patients with PCa.

We did not address the topic of MR-guided prostate
biopsy (for more on this subject, readers are referred
to an excellent review article by Pondman et al [85]),
and we did not address the use of MRI techniques to
assess treatment response (eg, changes caused by
androgen deprivation therapy or radiation), as we felt
that these approaches are rather academic and
unlikely to influence the daily work of the urologist.
In contrast, the correlation of functional MRI tech-
niques with pathologic findings such as Gleason
score and tumor volume to discriminate between
significant and insignificant cancers should be of
great interest, as it addresses the currently evolving
field of approaching localized PCa conservatively.
Active surveillance with regular PSA testing, serial
DRE, and periodic repeat prostate biopsies have been
proposed as an alternative to immediate treatment,
with excellent long-term results. Functional MRI
techniques may be incorporated in active surveil-
lance programs to reduce repeat biopsies and biopsy
sampling errors. As MRI technology continues to
advance, MRI will become more and more accurate
for diagnosing and staging PCa.
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