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sue and can be used for MRI-guided biopsies, especially in 
patients with persistent elevation of serum prostate-specific 
antigen and previous negative TRUS-guided biopsies. How-
ever, functional MRI technique and MRI-guided biopsy re-
main expensive and complex tools presenting inherent chal-
lenges.  Copyright © 2011 S. Karger AG, Basel 

 Introduction 

 Prostate cancer (PCa) is the most common cancer in 
men in Europe  [1] . Among men in the EU, PCa accounts 
for approximately 11.9% of all cancers and 9% of all can-
cer deaths  [1] . Despite advances in PCa detection and 
treatment, the disease continues to represent an enor-
mous healthcare burden. Early PCa detection is the main 
topic of diagnostic imaging and the key to successful can-
cer treatment  [2] . To date, the suspicion of PCa is mainly 
based on three diagnostic tools: serum prostate-specific 
antigen (PSA), digital rectal examination (DRE) and 
transrectal ultrasound (TRUS) of the prostate, each of 
them presenting well-known limitations  [2, 3] . Nowa-
days, random TRUS-guided biopsy is the gold standard 
method for histological diagnosis of PCa  [4] . However, 
random biopsies have several disadvantages: (a) missing 
cancer in up to 35% of cases  [4] ; (b) presence of multiple 
foci in more than 85% of cases of PCa  [5] ; (c) increase in 
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 Abstract 

 Prostate cancer (PCa) remains a major health concern for the 
male population. Detection and primary diagnosis of PCa 
are based on digital rectal examination, serum prostate-spe-
cific antigen levels, and transrectal ultrasound (TRUS)-guid-
ed random biopsy. Moreover, the gold standard for detect-
ing PCa, systematic biopsy, lacks sensitivity as well as grading 
accuracy. This review summarizes recent developments of 
ultrasonography modalities and functional magnetic reso-
nance imaging (MRI) in the diagnosis of PCa. A comparison 
between the different methods is presented, including their 
clinical value and usefulness. It is concluded that innova-
tive ultrasound techniques (including ultrasound contrast 
agents, 3-D and 4-D sonography, elastography and harmon-
ic sonography) promise benefits in comparison to standard 
TRUS to accurately diagnose PCa. Promising advances have 
been made in the detection of PCa with multiparametric 
MRI. The combination of conventional and functional MRI 
techniques (including diffusion-weighted imaging, dynamic 
contrast-enhanced MRI, and MR spectroscopy) can provide 
information for differentiating PCa from noncancerous tis-

 Published online: March 2, 2011   

 Francesco Pinto 
 Department of Urology,   Catholic University of Sacred Heart 
 Largo A. Gemelli
IT–00168 Rome (Italy) 
 Tel. +39 06 3015 5290, E-Mail francesco.pinto   @   libero.it 

 © 2011 S. Karger AG, Basel
0042–1138/11/0864–0373$38.00/0 

 Accessible online at:
www.karger.com/uin 

 Francesco Pinto    

Angelo Totaro

Alessandro Calarco

Emilio Sacco    

Andrea Volpe

Marco Racioppi

Alessandro D’Addessi

Gaetano Gulino

PierFrancesco Bassi 

 Department of Urology, Catholic 
University of Sacred Heart,  Rome , Italy 

D
ow

nloaded from
 http://w

w
w

.karger.com
/uin/article-pdf/86/4/373/3594915/000324515.pdf by guest on 24 April 2024

http://dx.doi.org/10.1159%2F000324515


 Pinto/Totaro/Calarco/Sacco/Volpe/
Racioppi/D’Addessi/Gulino/Bassi 

Urol Int 2011;86:373–382374

R
e

v
ie

w complications because of unnecessary biopsies. More-
over, men with persistently elevated PSA levels after a 
negative first random TRUS-guided biopsy represent a 
great diagnostic challenge for urologists  [6] . For these 
reasons, new imaging techniques are necessary to allow 
PCa visualization in order to improve cancer detection 
rate. To date, no consensus exists regarding the use of im-
aging techniques for evaluating primary PCas. Current 
standard imaging techniques, such as ultrasound, mag-
netic resonance imaging (MRI), CT, and nuclear medi-
cine, cannot detect early disease, and they provide lim-
ited information for disease staging  [7] . However, several 
promising emerging techniques are under investigation, 
either alone or in conjunction with standard imaging 
techniques. Evolving methods such as 3-D/4-D TRUS, 
contrast-enhanced ultrasound techniques, elastography 
and multiparametric MRI such as dynamic contrast ma-
terial-enhanced MRI (DCE-MRI), diffusion-weighted 
imaging (DWI), and MR spectroscopy imaging may dra-
matically change the role of imaging for PCa diagnosis 
 [8–13] . The aim of this article is to review the current 
clinical status of advanced imaging techniques and fu-
ture perspectives for the detection of PCa.

  Evidence Acquisition  
 The authors searched the Medline, Embase, and Co-

chrane Library databases. Only studies in English were 
evaluated. The last search was performed in June 2010.

  Sonography Imaging  

 Transrectal Ultrasonography 
 TRUS provides real-time imaging of the prostate gland 

at a relatively low cost. However, it suffers from lack of 
specificity, especially if the investigator is still fairly inex-
perienced  [14] . To improve PCa detection, various biopsy 
strategies have been devised to increase the diagnostic 
yield of prostate biopsy: sampling of visually abnormal 
areas, more lateral placement of biopsies, anterior biop-
sies, and obtaining an increased number of cores, with up 
to 45 biopsy cores  [15–18] . On the one hand, the efficien-
cy of this practice is debated and limited in practice by 
patient tolerance and morbidity. On the other hand, sev-
eral studies have shown that systematic biopsy still miss-
es a considerable number of PCa  [19, 20] . On gray-scale 
evaluation, PCa are classically described as a hypoechoic 
lesion; however, they may be isoechoic or hyperechoic 
 [14] . Many PCa are not visible on standard ultrasound, 
and the predictive value of hypoechoic lesion is 25–30% 

 [17] . Therefore, new strategies for PCa detection have 
been investigated to improve the quality of the investiga-
tion instead of raising the quantity of biopsies, and thus 
to reduce the number of unnecessary ‘blind’ biopsies.

  Innovative Sonography Techniques 
 3-D/4-D Sonography.   It is essential when performing 

prostate ultrasound to carefully evaluate the entire gland 
for different types of lesions and to perform biopsies on 
subtle as well as obvious lesions, in addition to performing 
random biopsies to identify ‘invisible’ cancers. Gray-scale 
2-D TRUS has relatively poor ability to detect palpable 
and nonpalpable cancers and predict disease outcome 
 [20] . 3-D ultrasound has become mainstream in gyneco-
logic and obstetric application, but the use in urologic ap-
plication is relatively limited. 3-D ultrasound allows si-
multaneous biplanar imaging of the prostate with com-
puter reconstructions providing a coronal plane as well as 
a rendered 3-D image. 3-D ultrasound of prostate im-
proves the diagnostic accuracy for exact localization of 
only hypoechoic areas, particularly on the coronal view 
[21]. Moreover, a recent study of Abul et al.  [22]  showed an 
improvement in diagnostic accuracy of PCa for 4-D TRUS. 
Nevertheless, there is still a group of patients with ‘invis-
ible’ cancers. Therefore, the policy of random biopsies has 
to be continued until this incidence can be eliminated.

   Contrast-Enhanced Sonography.  Using intravenous 
microbubble agents in combination with color and pow-
er Doppler imaging modalities, an increase in signal is 
obtained in areas of increased vascularity. In a study con-
ducted by Pelzer et al.  [23]  on 380 patients with suspect-
ed PCa (PSA level between 4 and 10 ng/ml), contrast-
enhanced color Doppler-targeted biopsies (five cores) in 
areas of hypervascularity were compared with standard 
biopsies (10 cores). Based on cancer detected by biopsy, 
the detection rate of targeted biopsy cores was signifi-
cantly better than standard biopsy cores (32.6 vs. 17.9%, 
p  !  0.01)  [23] . Similar results were found in another study 
conducted by Halpern  [24]  on 301 patients, in which tar-
geted biopsy was 1.5 times more likely to find tumor than 
was systematic biopsy (15.5 vs. 10.4%, p  !  0.01). Never-
theless, targe ted biopsies missed 20% of cancers, which 
were detected on systematic biopsy alone, leading to the 
conclusion that systematic biopsy could not be omitted 
from a biopsy scheme  [24] . The study by Yi et al.  [25]  
demonstrated that the sensitivity on biopsy site was 
greater on contrast-enhanced sonography (68%) than on 
gray-scale (39%) and color Doppler (41%) sonography. 
Moreover, Drudi et al.  [26]  demonstrated that contrast-
enhanced sonography may also be used in the diagnosis 
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tients with increasing PSA.

   Harmonic Sonography . Intermittent imaging is an ul-
trasound technique that employs a reduced frame rate, 
allows more time for the contrast agent to enter the scan 
plane between frames, and thereby increases the inten-
sity of microbubble contrast enhancement  [27, 28] . Pre-
liminary data suggest that intermittent gray-scale har-
monic imaging (IHI) can increase the conspicuity of mi-
crovascular enhancement associated with PCa  [29] . 
Moreover, in the study conducted by Halpern  [24] , it has 
been demonstrated that contrast-enhanced transrectal 
sonography with IHI provides a statistically significant 
improvement in discrimination between benign and ma-
lignant biopsy site, and the carcinoma detection rate of 
contrast-enhanced targeted cores is significantly higher 
when compared with sextant cores. However, given the 
relatively low ROC areas ( ! 0.65), this technique did not 
definitively differentiate benign from malignant tissue 
without biopsy confirmation.

       Elastography.  Elastography is an imaging technique 
that evaluates the elasticity of the tissue. Prostate carci-
nomas are characterized by a partly limited elasticity or 
compressibility. Miyanaga et al.  [30]  investigated 29 pa-
tients with untreated PCa. The sensitivity of elastogra-
phy, TRUS and DRE was 93, 59 and 55%, respectively  [30] . 
Thus, elastography may be used as biopsy guidance in the 
diagnosis of PCa. In a pilot study on 404 patients, König 
et al.  [31]  have demonstrated an improved PCa detection 
rate (20%) when combining this method with conven-
tional TRUS during prostate biopsies. In a recent study on 
492 patients, Pallwein et al.  [32]  showed that elastogra-
phy-targeted biopsy in a patient with cancer was 2.9-fold 
more likely to detect PCa than systematic biopsy, with 
fewer than half the number of biopsy core. Although the 
results with elastography had shown some promising re-
sults, its role in PCa diagnosis needs to be evaluated fur-
ther.

    Pre-Biopsy MRI and Real-Time TRUS: Near Future 
 In a recent study, Singh et al.  [33]  described the feasi-

bility of fusioning pre-biopsy MRI data with real-time 
TRUS imaging using fiducial markers. In another study, 
Xu et al.  [34]  proposed a hybrid registration approach for 
real-time MRI/TRUS image fusion, bringing the diag-
nostic information from the MRI to ultrasound proce-
dures. The approach is based on both spatial tracking and 
intraoperative image registration, which allows compen-
sation for prostate motion without the use of fiducial 
markers. That way, it is likely that in the near future, can-

cers could be identified at MRI, contoured, transferred to 
the ultrasound device and superimposed on real-time ul-
trasound imaging to improve their aiming of targeted bi-
opsies and facilitate potential MRI-guided prostate ther-
apies such as external beam radiation therapy, brachy-
therapy, cryotherapy, HIFU ablation, or direct injection 
of agents  [35] . In this way, multi-modality imaging with 
electromagnetic tracking of enabled devices can draw 
from the benefits of one method, while avoiding the lim-
itations of another. For example, this perspective is espe-
cially interesting for anterior cancers that can be detected 
at pre-biopsy MRI but lie in a ‘gray zone’ of the TRUS bi-
opsies (18–20 mm beyond the capsule) and additionally 
cannot be targeted using standard ultrasound imaging.

  Magnetic Resonance Imaging  

 Conventional MRI at 1.5 or 3.0 T reveals morphologi-
cal information using T 1 - and T 2 -weighted images (T 1 - 
and T 2 -WI), and the usage of an endorectal coil can im-
prove the detection of PCa and the delineation of the cap-
sule  [36]  ( fig.  1 ,  2 ). The value of 3.0-tesla MRI of the 
prostate is recently under research and seems to be prom-
ising  [36, 37] . T 2 -WI provides high-resolution morpho-
logic imaging of the gland in the three planes, and axial 
T 1 -WI is used to detect post-biopsy hemorrhage, lymph 
nodes, and bone metastasis. On T 2 -WI, peripheral zone 
cancer typically shows a uniformly low signal with a nod-

a b

  Fig. 1.  Normal prostate gland, endorectal MRI, axial image. 
 a  T 1 -WI: prostate shows a uniform intermediate signal intensity. 
 b  T 2 -WI: prostate shows a high signal intensity of the peripher-
al and low signal intensity of the central and transitional zones. 
PZ = Peripheral zone; TZ = transitional zone. 
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ular shape within the peripheral zone that shows high 
signal intensity  [38]  ( fig. 3 ). However, there are numerous 
false positives because low intense signal in peripheral 
zone can also be caused by inflammation, hemorrhage, 
sequelae of radiation and hormonal treatment, etc. For 
this reason, MRI should be delayed for at least 4–8 weeks 
after prostate biopsy  [39, 40] . In the transitional zone, 
cancer detection on T 2 -WI is hampered by benign hyper-
plasic nodules that have highly variable signal (from 
high-intensity cysts to very-low-intensity stromal nod-
ules) and a nodular appearance. Thus, the sensitivity and 
specificity of T 2 -weighted MR imaging for PCa detection 
have varied widely. Sensitivity of 77–91% and specificity 
of 27–61% were reported for PCa detection with T 2 -
weighted imaging performed with an endorectal coil  [41, 
42] . In the last two decades, intense research has focused 
on complementary techniques to improve the detection 
and staging of PCa. In a recent review on multiparamet-
ric MRI in PCa, Kurhanewicz et al.  [43]  concluded that 
the best characterization of PCa in individual patients 
will most likely result from multiparametric MRI tech-
niques based on anatomic, metabolic and physiologic 
properties of PCa, using 3-tesla magnetic resonance scan-
ners. However, questions remain as how to analyze and 
display this large amount of imaging data, and how to 
optimally combine the data for the most accurate assess-
ment of PCa. Cancer identification at MRI requires a 
combination of morphologic T 2 -WI and functional im-
aging (perfusion, diffusion, and spectroscopy). Currently 
used functional MRI techniques include: magnetic reso-
nance spectroscopic imaging (MRSI), dynamic contrast-
enhanced MRI, and DWI-MRI. A magnet strength of at 

least 1.5 T is required for a simultaneous use of MRI and 
MRSI in order to overlay metabolic information directly 
on the corresponding anatomic display  [44, 45] .

  Magnetic Resonance Spectroscopic Imaging  
 MRSI allows assessment of tissue metabolism in a sin-

gle or multiple voxels. The metabolites measured by in 
vivo MRSI are citrate, creatine, choline and polyamines 
 [46] . Typically, PCa shows a high level of choline and a 
low level of citrate relative to the normal peripheral zone 
with a high specificity but at the expense of sensitivity 
 [46–48]  ( fig. 4 ). 

  In the last decade, many publications have studied the 
advantages of the combined use of MRI and MRSI in or-
der to combine metabolic information directly on the 
corresponding anatomic display  [44, 45] . A study con-
ducted by Scheidler et al.  [49]  showed a sensitivity and 
specificity for PCa detection, on a per-sextant basis, of 95 
and 91%, respectively, for combined MRSI and MRI, but 
61–77 and 46–81% for MRI alone and 75 and 63% for 
MRSI alone. This study demonstrated that the addition 
of MRSI to MRI significantly improves PCa localization: 
for locations in the peripheral zone, PPV and NPV were 
89–92 and 74–82%, respectively. Moreover, combined 
MRI-MRSI seems 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  [50] . In 
two recent prospective studies conducted on 39 and 42 
patients with elevated PSA levels, that used prostate bi-
opsy as reference standard, it has been reported that com-
bined MRI and MRSI increase the accuracy in PCa detec-
tion and localization to 79 and 74.2%, respectively  [51, 

  Fig. 2.  Normal prostate gland, endorectal MRI, coronal image. 

a b

  Fig. 3.  T 2 -weighted axial ( a ) and coronal ( b ) images with endorec-
tal coil show an area of low signal intensity (arrow) in the right 
peripheral zone of the prostate, a finding indicative of a tumor. 
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52] . However, Prando et al.  [53]  found that prostate bi-
opsy directed with endorectal MRSI may help to increase 
the PCa detection rate in patients with an elevated PSA 
and a previous negative biopsy result. 

  Limitations of MRSI are: long acquisition time, pos-
sible variability in results dependent on post-processing 
or shimming, no direct visualization of the periprostatic 
anatomy and therefore expensive procedure. In addition, 
a previous prostate biopsy may lead to spectral degrada-
tion which makes accurate interpretation of the metabo-
lite ratios unreliable, although an MRSI should not be 
performed within 8 weeks after biopsy  [54] . These limita-
tions of MRSI might be improved by new technical devel-
opments and the use of higher magnetic fields (3.0 T). 
Further studies would be desirable to compare US tech-
niques (i.e. high resolution, contrast enhanced, and elas-
tography) with combined MRI/MRSI findings for PCa 
detection. Moreover, the high specificity of MRSI is of 
interest to assess low-risk patients who may be candidates 
for watchful waiting or deferred therapy  [55] .

  Dynamic Contrast Material-Enhanced MRI  
 It is well known that the number of vessels increases 

in cancerous tissue and tumor vessels have a greater per-
meability  [56] . Experimental studies have shown that 
contrast enhancement parameters, such as mean transit 
time, blood flow, permeability surface area and intersti-
tial volume, are significantly higher in cancerous tissue 
than in normal tissue, and therefore allow differentiation 
between benign and malignant tissue  [57–61] . DCE-MRI  

 is based on repetitive acquisition of sequential images 
during the passage of a contrast agent within a tissue of 
interest ( fig. 5 ). Clinical experiences with this technique 
were first reported in the mid-1990s and, at present, there 
are only limited data on T 2 -WI MRI and PCa in the lit-
erature. Engelbrecht et al.  [62]  and Kim et al.  [63]  showed 
the usefulness of measurements of relative peak enhance-
ment, and wash-in and wash-out rate for PCa detection 
and localization. In their study, sensitivity and specificity 
of peripheral zone cancer detection on parametric im-
ages of the wash-in rate were 96 and 97%, respectively, but 
75 and 53% on T 2 -WI (p  !  0.05). However, they also ob-
served significant overlap between the wash-in rate for 
cancer and that for normal tissue in the transitional zone. 
Several studies on DCE-MRI that used surgical pathol-
ogy 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  [63–
67] . In a prospective study of 34 patients, with a mean 
PSA of 8 ng/ml, using whole-mount histopathology sec-
tion findings as the reference standard, Fütterer et al.  [68]  
found that for the localization of tumors with volumes of 
 6 0.5 cm 3 , interpretation of T 1 -WI of DCE-MRI in con-
junction with T 2 -WI of MRI led to an increase in sensi-
tivity from 69 to 95%, specificity from 80 to 96% and ac-
curacy from 81 to 93%. Moreover, combined DCE-MRI 
and 3-D MRSI significantly improve the accuracy in PCa 
localization, compared with T 2 -WI MRI alone (p  !  0.01) 
 [67] . However, more recently, Jackson et al.  [69]  reported 
that DCE-MRI sensitivity was higher than conventional 

a b

  Fig. 4.  MRI and MRSI from a patient with PCa.    a  T 2 -weighted 
axial image shows a large region of hypointensity in the right mid-
gland (arrow).  b  Spectrum obtained from the same area demon-
strates an elevated ratio of choline (Cho) and creatine (Cr) to ci-
trate (Ci). 

a b

  Fig. 5.     a  DCE-MRI image shows a lesion with early enhancement 
in the right peripheral zone.  b  Perfusion graph shows an early en-
hancement peak, followed by washout in the tumor area and pro-
gressive and persistent enhancement of the normal peripheral 
zone on the left.     
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MRI (T 2 -WI) for tumor localization (50 vs. 21%; p = 
0.006), but specificity was similar (85 vs. 81%; p = 0.593). 
The superior sensitivity of DCE-MRI compared with T 2 -
WI, together with its high specificity, is arguably suffi-
cient for its use in guiding radiotherapy boosts in PCa. 

  Thus, DCE-MRI has the advantage of providing direct 
depiction of tumor vascularity and may obviate the use 
of an endorectal coil. Nevertheless, the limitations of this 
technique include unsatisfactory depiction of transition-
al zone cancer in patients with hypervascular benign 
prostatic hyperplasia. In addition, there is as yet no con-
sensus with regard to the best acquisition protocol and 
the optimal perfusion parameter for differentiating can-
cer from normal tissue.

  Diffusion-Weighted MRI 
 The diffusion properties of tissue are related to the 

amount of interstitial free water and permeability  [70] . 
DW-MRI derives its image contrast from differences in 
the motion of water molecules between tissues. In gen-
eral, cancer tends to have more restricted diffusion than 
normal tissue, because of the higher cell densities and 
abundance of intra- and intercellular membranes in can-
cer  [70, 71] . These images can be acquired quickly with-
out the administration of exogenous contrast medium. 
DW-MRI yields qualitative and quantitative informa-
tion: qualitative assessment of relative tissue signal atten-
uation at DW-MRI is used for tumor detection and char-
acterization; 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)  [72]  
( fig. 6 ). A retrospective study comparing MRI alone to 
combined DW-MRI/MRI in 124 patients with clinically 
suspected PCa demonstrated that the addition of DW im-
aging to conventional T 2 -WI imaging significantly im-
proved tumor detection (p = 0.0468) compared with con-
ventional MRI alone  [73] . The sensitivity, specificity, 
PPV, and NPV of combined DW-MRI/MRI for PCa de-
tection were reported to be 86, 84, 90, and 79%, respec-
tively  [73] . A recent study  [74]  showed that ADC values of 
malignant prostate tissue were significantly lower than in 
benign tissue. In this study, DW-MRI had a reported sen-
sitivity of 86.7% and specificity of 72.2% for PCa detec-
tion in the peripheral zone  [74] , and the water diffusion 
within prostate tumors was significantly different in pa-
tients with low-risk disease than in patients with interme-
diate or high-risk disease. The authors concluded that 
DW-MRI can potentially identify poorly differentiated 
tumors, as these demonstrate earlier and faster enhance-
ment  [74] . However, other studies did not confirm these 
findings  [75–78] . DWI has advantages such as short ac-
quisition time and high contrast resolution between tu-
mors and normal tissue. Nevertheless, this technique is 
limited by poor spatial resolution and the potential risk 
of image distortion caused by post-biopsy hemorrhage, 
which results in magnetic field inhomogeneity  [70–74] .

  Role of MRI after Previous Negative Biopsy  
 One of the most challenging aspects of PCa diagnosis 

concerns patients with persistent elevation of serum PSA 
levels and previous negative TRUS-guided random biop-
sies of the prostate. It has been recommended that these 
patients repeat biopsy  [79, 80] . The concept of performing 
MRI prior to biopsies has been evaluated, and several re-
cent studies focus on this clinical setting  [81, 82] . In one 
study published by Perrotti et al.  [83]  in 1999, the ability 
of endorectal MRI to detect PCa foci was examined pro-
spectively in 33 consecutive men with one or more prior 
negative prostatic biopsies. The areas of interest on en-
dorectal MRI were mapped as low, moderate or high sus-
picion for carcinoma on a prostate model; directed needle 
biopsy cores of the prostate were obtained based on this 
model, and the histopathological findings were com-
pared with MRI results: PPV, NPV and accuracy of en-
dorectal MRI were 40% (moderate or high suspicion), 
94.4% (low suspicion) and 69.7%, respectively  [83] . On 
multivariate analysis, positive endorectal MRI was asso-
ciated with an 11.3-fold risk of positive biopsy  [74] . In a 
prospective study conducted on 44 patients with a PSA 

a b

  Fig. 6.     a  T   2 -weighted axial image shows an area of hypointense 
signal in the left peripheral zone (arrow).  b  The corresponding 
DWI-MRI shows restricted diffusion in the same area, most con-
sistent with PCa. Histopathology showed a tumor with a Gleason 
score of 7. 
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in whom prior TRUS-guided biopsy failed to demon-
strate a tumor, Beyersdorff et al.  [9]  found that MRI had 
a sensitivity of 83% and a PPV of 50% for PCa detection. 
These values were 33 and 67% for DRE, and 33 and 57% 
for TRUS, respectively  [9] . Moreover, in retrospective 
site-by-site analysis, MRI results did not correlate signif-
icantly with individual biopsy site findings (p = 0.126); 
sensitivity was 65% and PPV was 12%  [9] . In another 
study, Comet-Batlle et al.  [10]  assessed the value of en-
dorectal MRI in the early diagnosis of PCa, and com-
pared this test to PSA and DRE in the prediction of nega-
tive biopsies. They concluded that, in patients with elevat-
ed PSA and/or abnormal DRE with two previous negative 
biopsies, MRI is a useful test to rule out PCa when nega-
tive, avoiding subsequent biopsies, as they have a low 
chance of positive biopsy. More recent studies have been 
conducted to asses the value and the ability of combined 
conventional/functional MRI to detect PCa foci in men 
with prior negative TRUS-guided prostate biopsy  [11, 84–
87] . The study by Yuen et al.  [11]  investigated 24 patients 
with prior negative TRUS-guided prostate biopsy. Sensi-
tivity, specificity, PPV, NPV, and the accuracy of MRI, 
MRSI and combined MRI/MRSI for PCa detection were 
57.1, 57.1 and 100.0% (sensitivity), 88.2, 82.4 and 70.6% 
(specificity), 66.7, 57.1 and 58.3% (PPV), 83.3, 82.1 and 
100% (NPV), and 79.2, 75.0 and 79.2% (accuracy), respec-
tively  [11] . Similar results were found by Bhatia et al.  [84] , 
in which sensitivity, specificity, PPV, NPV and accuracy 
of combined MRI/MRSI for detection of PCa were 100, 
84, 40, 100, and 86%, respectively. More recently, Sciarra 
et al.  [85]  prospectively analyzed the role of magnetic 
MRSI and DCE-MR in the detection of prostate tumor 
foci in 180 patients with persistently elevated prostate-
specific antigen levels (in the range of  6 4 ng/ml to  ! 10 
ng/ml) and prior negative random biopsy. This study 
demonstrated that MRSI had 92.3% sensitivity, 88.2% 
specificity, 85.7% PPV, 93.7% NPV, and 90% accuracy; 
DCE-MRI had 84.6% sensitivity, 82.3% specificity, 78.5% 
PPV, 87.5% NPV, and 83.3% accuracy; the association 
MRSI plus DCE-MRI had 92.6% sensitivity, 88.8% speci-
ficity, 88.7% PPV, 92.7% NPV, and 90.7% accuracy, for 
predicting PCa detection. In a recent review conducted 
by Lawrentschuk and Fleshner  [86] , six studies with a to-
tal of 215 patients were examined to assess the efficacy of 
MRI for targeting cancer when compared to biopsies in 
patients with previous negative prostate biopsies and per-
sistently elevated PSA levels. The cancer detection rate at 
re-biopsy was 21–40%. For MRI or combined MRI/MR 
spectroscopy, the overall sensitivity, specificity and accu-

racy for predicting positive biopsies were 57–100, 44–96 
and 67–85%, respectively  [85] . In five studies, specific 
MRI-targeted biopsies and standard cores were taken, 
with a significant proportion (34/63, 54%) having cancer 
detected purely because of the MRI-targeted cores  [85] . A 
recent study  [87]  suggested that combined DW-MRI/
MRI on 3 T has the potential to provide important lesion 
localization before a repeat biopsy in patients with previ-
ous negative random biopsy and persistently elevated 
PSA levels.

  Conclusions 

 The degree to which imaging techniques are seen as 
an indispensable and vital part in diagnostic procedures 
presents a specific quality feature in urology. To date, 
considerable advances have been made in organ-con-
fined PCa imaging, particularly in functional MR. The 
addition of functional MR techniques to T 2 -weighted 
MRI can provide metabolic information, display altered 
cellularity and aid in noninvasive characterization of tis-
sue and tumor vascularity. This may improve cancer de-
tection, especially in patients with previous negative bi-
opsies. Moreover, functional MRI has still several limita-
tions, mainly the limited availability, the high costs and 
the lack of standardized imaging parameters. Another 
important limitation is the wide variability in the speci-
ficity and sensitivity values reported in several studies 
that causes anxiety among patients and unease for the 
urologist. Furthermore, studies comparing MRI-guided 
with real-time TRUS-guided biopsy have been per-
formed, and newer ultrasound techniques such as con-
trast-enhanced US and elastography are available. Pros-
tate MRI is still evolving, and the potential of the technol-
ogy may improve its utility and efficacy; however, large 
studies are necessary to verify these preliminary results. 
One of the difficulties with a rapidly developing technol-
ogy such as MRI is that as results are published, newer 
generations of equipment emerge, making the last data 
appear obsolete. This brings up two unanswered ques-
tions: how do we analyze and display this large amount 
of imaging data, and which kind of lesions are we willing 
to discover? However, it is important to focus on specific 
scenarios and critically review publications periodically 
so that we may pause, reflect on results and then redirect 
research questions as necessary. The risk of not doing so 
is that we may never completely define a technology or 
understand its relevance to current patients, or adequate-
ly plan to answer the remaining questions.
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