
Acta Oncologica, 2011; 50(Suppl 1): 25–38
                        ORIGINAL ARTICLE    

State-of-the-art uroradiologic imaging in the diagnosis of 
prostate cancer
     STIJN W. T. P. J.     HEIJMINK1  ,       JURGEN J.     F Ü TTERER1  ,       STEPHEN S.     STRUM2  ,  
     WIM J. G.     OYEN3  ,       FERDINAND     FRAUSCHER4  ,       J. ALFRED     WITJES5   
 &        JELLE O.     BARENTSZ1    

  1Department of Radiology, Radboud University Nijmegen Medical Center, Nijmegen, The Netherlands, 
2Medical Oncologist, Ashland, OR 97520, USA, 3Department of Nuclear Medicine, Radboud University 
Nijmegen Med. Center, Nijmegen, The Netherlands, 4Department of Radiology II, University Hospital Innsbruck, 
A-6020 Innsbruck, Austria and 5Department of Urology, Radboud University Nijmegen Medical Center, Nijmegen, 
The Netherlands                              
 Abstract 
 In the diagnostic process of prostate cancer, several radiologic imaging modalities signifi cantly contribute to the detection and 
localization of the disease. These range from transrectal ultrasound (TRUS) and magnetic resonance imaging (MRI) to 
positron emission tomography (PET). Within this review, after evaluation of the literature, we will discuss the advantages and 
disadvantages of these imaging modalities in clarifying the patient ’ s clinical status as to whether he has prostate cancer or not 
and if so, where it is located, so that therapy appropriate to the patient ’ s disease may be administered. TRUS, specifi cally with 
the usage of intravenous contrast agents, provides an excellent way of directing biopsy towards suspicious areas within the 
prostate in the general (screening) population. MRI using functional imaging techniques allows for highly accurate detection 
and localization, particularly in patients with prior negative ultrasound guided biopsies. A promising new development is the 
performance of biopsy within the magnetic resonance scanner. Subsequently, a proposal for optimal use of radiologic imaging 
is presented and compared with the European and American urological guidelines on prostate cancer.   
 With a total of 217 730 new cases estimated for 
2010, prostate cancer (PC) now accounts for 28% of 
all new male cancers diagnosed in the USA [1]. In 
their lifetime, one in six men will be clinically diag-
nosed with having PC, although many more men are 
found to have histological evidence of PC at autopsy 
[2 – 4]. Presently, approximately 1 in 10 men will die 
of PC [5,6]. The ever-aging population and wider 
spread use of the prostate-specifi c antigen (PSA) test 
[7,8], as well as the tendency to apply lower cut-off 
levels for this test [9], will further increase the diag-
nosis of this disease [10]. 

 An elevated PSA level, abnormal changes in PSA 
level (i.e. PSA dynamics) such as PSA velocity or 
doubling time, or an abnormal digital rectal exami-
nation are biologic indicators signaling an increased 
risk of PC. With the improvement and wider range 
of curative therapies, detection and subsequent exact 
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localization of PC have become increasingly important 
because of their infl uence on treatment strategy 
[11,12]. Two such affected treatments are laparo-
scopic (robotic) radical prostatectomy and intensity-
modulated radiation therapy (IMRT [13]). The 
urologist ’ s inability to palpate the operating fi eld dur-
ing laparoscopic surgery makes it even more crucial 
to know where the cancer is located. Similarly, the 
urologist must know whether the cancer is near a 
neurovascular bundle since this affects the decision 
of whether or not to perform nerve-sparing prostate-
ctomy [14]. IMRT also necessitates accurate PC 
localization. While giving a standard dose to the pros-
tate, a higher (i.e. boost) dose can be given to any 
dominant intraprostatic lesion(s) as these lesions 
regularly appear to be the sites of recurrent disease 
[15]. Furthermore, precision radiation dosimetry 
will decrease radiation complications, particularly 
niversity Nijmegen Medical Center, PO Box 9101, NL-6500 HB Nijmegen, 
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rectal wall toxicity [16], thereby likely dimini-
shing the development of post-radiation rectal 
cancer [17]. 

 In order to determine the optimal treatment for 
the individual patient, it is necessary to evaluate all 
patient and cancer characteristics. Most often used 
for this purpose are laboratory values (PSA level 
and dynamics), the results of digital rectal examina-
tion (clinical staging), and histopathological pros-
tatic biopsy fi ndings (Gleason score). However, 
imaging may play an important role in detecting 
and localizing areas most refl ective of the actual 
aggressiveness of the cancer. This directly infl uences 
the assessment of the patient and may lead to 
important changes in treatment strategy which can 
mean the difference between treatment success and 
failure. 

 Currently, a spectrum of imaging modalities is 
available to clinicians for tackling detection- and 
localization-related problems. To provide optimal and 
cost effi cient patient care, these techniques should 
be used in the appropriate clinical context to aid 
clinicians in detecting and localizing PC. 

 This review 1) presents an overview of the 
currently available imaging methods to aid in PC 
detection and localization. 2) Additionally, a 
scheme is proposed for optimal evidence-based 
use of imaging in detecting and localizing prostate 
cancer and a critical comparison is made between 
this scheme and the most recent guidelines as put 
forward by the American Urological Association 
(AUA) and European Association of Urology 
(EAU).  

 Literature search 

 Relevant articles were retrieved using combinations 
of both Medical Subject Headings (MeSH) and free 
search terms in the MedLine  ®   (WebSPIRS Version 
5.12, Build 20060224, Ovid Technologies) and 
Pubmed (U.S. National Library of Medicine) online 
search engines. 

 MeSH terms included:  “ Prostate ” ,  “ Anatomy ” , 
 “ Prostatic Neoplasms ” ,  “ Neoplasm Staging ” ,  “ Ultra-
sonography ” ,  “ Tomography, X-Ray Computed ” , 
 “ Magnetic Resonance Imaging ” ,  “ Magnetic Reso-
nance Spectroscopy ” ,  “ Diffusion Magnetic Resonance 
Imaging ” ,  “ Radionuclide Imaging ” , and  “ Positron-
Emission Tomography ” . 

 Free search terms included:  “ prost *  ” ,  “ cancer ” , 
 “ detect *  ” ,  “ localization ” ,  “ localisation ” ,  “ biops *  ” , 
 “ stag *  ” ,  “ capsul *  ” ,  “ extracapsular penetration ” ,  “ ext-
racapsular extension ” ,  “ seminal vesicle invasion ” , 
 “ transrectal ultraso *  ” ,  “ TRUS ” ,  “ computed tomogra-
phy ” ,  “ CT ” ,  “ magnetic resonance imaging ” ,  “ MRI ” , 
 “ ferumoxtran-10 ” ,  “ magnetic resonance spectroscopy ” , 
 “ spectroscopy ” ,  “ MRS ” ,  “ bone scan *  ” ,  “ bone scintig-
raphy ” ,  “ positron-emission tomography ” ,  “ PET ” , and 
 “ ProstaScint ” . 

 Reference lists of selected articles were further 
analyzed for relevant articles.   

 Prostate cancer detection and localization 
in reference to prostate anatomy and 
essential prostate cancer characteristics 

 In order to effectively apply the various imaging 
modalities, it is important to fi rst understand both 
the normal prostate anatomy and the distribution 
and intrinsic characteristics of PC.  

 Normal anatomy as related to PC localization 

 On the basis of its embryological origins, the pro-
state is anatomically divided into three zones that 
are eccentrically located around the urethra: the 
innermost transition zone (TZ), the central zone, 
and the outermost peripheral zone (PZ) [18,19]. 
In older patients, the former two cannot be distin-
guished radiologically due to compression of the 
central zone by benign prostatic hyperplasia (BPH) 
in the TZ and together they are referred to as the 
central gland; this as opposed to the outer gland, 
which comprises the PZ. Furthermore, the 
prostate is craniocaudally divided into apex (the 
caudal one-third), mid-gland, and base (the cranial 
one-third).   

 Anatomical distribution of PC 

 Up to 70 – 80% of PC is located in the PZ [20] and 
overall analysis of these cancers has shown homoge-
neous distribution across the entire PZ [21], with 
over half of the prostates containing two or more 
distinct cancer foci [22]. Nevertheless, while up to 
20 – 52% of all PC originate in the TZ, only a small 
(3.6 – 25%) percentage of these cancers [21,23] occur 
solely in the TZ as many will have concurrent PZ 
cancer foci [20,24,25].   

 Pathological grading of PC aggressiveness 

 Presently, the most widely used histological scaling 
system for PC aggressiveness is the Gleason score 
[26,27], which consists of two numbers: a primary 
and secondary Gleason grade refl ecting the two 
grades most frequent in the specimen. Each Gleason 
grade is assigned a value between 1 and 5, the higher 
numbers indicating a more aggressive cancer. The 
prognostic value of the Gleason grading system is 
well-documented [28,29].    
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 Patients clinically at risk for prostate 
cancer: Radiological imaging to detect 
and localize primary PC  

 Transrectal ultrasound (TRUS): Reliable, although 
not perfect, daily-use modality  

 Grayscale TRUS.   Today, in regular clinical prac-
tice, prostate biopsies are performed under TRUS 
guidance. Even though the traditional ultrasound 
appearance of PC is a PZ hypoechoic lesion 
(Figure 1A, B), other conditions such as prostatitis 
and prostatic intraepithelial neoplasia may also pres-
ent as hypoechoic lesions [30,31]. It is important 
to note that over 40% of PC lesions are isoechoic 
(Figure 1C, D) while only 5% are hyperechoic 
[32]. Therefore, targeting only hypoechoic areas is 
not an optimal approach for successful PC detec-
tion [33] and various biopsy protocols that sample 
tissue at standard locations (i.e. systematic biopsy) 
within the prostate have become the most common 
biopsy technique [34]. The number of cores taken 
per session varies across institutions. Recently, how-
ever, emphasis has been put on adequate tissue sam-
pling from more laterally located PZ regions [35,36] 
and on the relative unimportance of biopsying the 
Figure 1. (A) Axial gray-scale transrectal ultrasound image (Aplio™
ng/ml, biopsy Gleason score 6, normal digital rectal examination). A 
(B) Histopathology of the prostatectomy specimen confi rmed the pre
(69 years, PSA level 3.59 ng/ml, biopsy Gleason score 7, normal dig
echogenic abnormality while at histopathology (D) a number of can
central gland [37]. Despite the use of extended 
systematic biopsy protocols, there is still an approxi-
mately 20% chance that the Gleason score at pros-
tatectomy will differ from that at biopsy to a clinically 
relevant degree [38]. Recently, it was observed that 
biopsies performed with an endfi re probe obtained a 
signifi cantly higher biopsy rate compared with side-
fi re probes [39]. PC detection rates have varied from 
19 – 40% [40,41] and repeat biopsy sessions are often 
necessary [42]. Localization sensitivity varied widely 
between 39 – 75% (Table I).   

 Doppler TRUS.   Because increased blood fl ow due to 
neovascularity is one of the characteristics of PC, this 
is a means of targeting lesions. In a study of 96 patients 
with lower urinary tract symptoms and PSA levels over 
4 ng/ml [43], the degree of Doppler signal correlated 
with the microvessel density and Gleason score of a 
lesion. One study achieved Doppler imaging-based de-
tection rates of 40% [44]. Power Doppler TRUS could 
improve the localization specifi city [45]. However, a 
drawback of Doppler imaging is the high inter-observer 
variability [46,47], refl ected in the widely spread sen-
sitivity and specifi city fi gures in the literature (27 – 98% 
and 46 – 84%, respectively) (Table I).   
, Toshiba) of the prostate of a 65-year-old man (PSA level 19.02 
hypoechoic lesion was observed in the right peripheral zone (arrows). 
sence of a Gleason 3 � 4 adenocarcinoma (T). (C) In another patient 
ital rectal examination), the axial gray-scale image did no show any 

cer foci (T) were reported.
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 Contrast-enhanced TRUS.   An innovation is the 
application of gas-fi lled microbubble contrast 
agents, such as Levovist  ®   (Schering, Berlin, Ger-
many) and SonoVue  ®   (Bracco, Milan, Italy) [48]. 
These microbubbles remain intravascular, thereby 
enhancing the visibility of the vascular tree in and 
around the prostate. This improves the ability to de-
tect PC and to thus target areas more representative 
of the aggressiveness of PC. In experienced hands, 
it is reported that compared with systematic biopsy, 
targeting only lesions with pathological enhance-
ment after contrast administration requires less 
than half the number of biopsy cores to obtain the 
same diagnostic yield [49 – 51]. A recent random-
ized clinical trial comparing systematic biopsy and 
contrast-enhancement targeted biopsy confi rmed 
these fi ndings [52]. In addition, contrast-enhanced 
TRUS biopsies on average detected signifi cantly 
more  aggressive cancers compared with systematic 
biopsy. Therefore, we can speculate that by using 
this technique the difference in Gleason score be-
tween biopsy and prostatectomy specimens would 
most likely diminish. If the latter is confi rmed by 
future studies, pre-therapeutic risk assessment of 
patients will increase in accuracy. Disadvantages of 
using contrast agents are the longer duration and 
higher degree of invasiveness of the examination; 
however, the risk of hypersensitivity to the substance 
is rare and most adverse events are minor and self-
resolving [53]. Sensitivities and specifi cities of PC 
detection using contrast-enhanced TRUS varied 
between 48 – 94% and 46 – 88%, respectively (Table 
I). A preliminary study suggests that a 14-day pre-
biopsy course of dutasteride, a dual 5 α -reductase 
inhibitor, causes a relative high reduction in blood 
fl ow in healthy prostate tissue compared with can-
cer tissue and could increase the diagnostic yield of 
contrast-enhanced TRUS targeted biopsy [54].   

 Sonoelastography.   Transrectal sonoelastography is a 
new non-invasive technique that analyzes the com-
pression characteristics of prostate tissue. A study by 
K ö nig et al. of 404 men undergoing biopsies based 
on real-time sonoelastography revealed a detection 
rate of 37.4% [55]. In a comparative study, Pallwein 
et al. found a signifi cantly higher per core detection 
rate for sonoelastography-targeted biopsy compared 
with systematic biopsy. Sonoelastography-targeted 
biopsy was 2.9 times more likely to detect cancer 
[56]. A drawback of the latter study was the hetero-
geneity of the population since more than half of the 
patients had already undergone one or more nega-
tive biopsy sessions. A study comparing real-time 
sonoelastography with radical prostatectomy re-
ported a localization sensitivity of 88% [57]. While 
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sonoelastography-based targeted biopsy improves 
the diagnostic yield it is not yet clear whether it can 
replace systematic biopsy [58]. Future randomized 
studies are required to determine the true value of 
sonoelastography in prostate cancer detection and 
localization.    

 Computed Tomography (CT) scanning: Inadequate 
soft tissue contrast and radiation burden 

 The literature search resulted in identifying only 
one recent study on the ability of CT scanning to 
document histologic PC sites within the prostate 
gland. This study revealed that contrast-enhanced 
helical CT scanning was able to detect only 58% 
of the 102 histologic PC sites documented by 
TRUS-guided biopsies in 25 patients [59]. In gen-
eral, CT scanning has inadequate soft tissue con-
trast resolution to discern the subtle tissue changes 
due to PC (Figure 2A) and, therefore, should 
not be used for PC detection and localization. An 
additional disadvantage of CT is that it involves 
ionizing radiation.   
Figure 2. A comparison of the soft-tissue resolution between CT scan
PSA level of 38.72 ng/ml, a biopsy Gleason score of 6, and normal digi
(P) could be discerned. After contrast administration (arrow) no cle
transrectal ultrasound imaging (Viking®, BK Medical) an area of hypo
focus (arrows) was also visible on axial MRI at 3 T with external surf
cancer focus (Gleason score 7) corresponding to the area of echogenic
 Endorectal Magnetic Resonance Imaging (MRI) 
and Magnetic Resonance Spectroscopic Imaging 
(MRSI): High soft-tissue resolution, radiation-free, 
but costly and time consuming  

 T2-weighted imaging.   Contrary to CT scanning, MRI 
has a high soft-tissue contrast resolution. The use of 
an endorectal coil (ERC) combined with other ex-
ternal coils at 1.5 tesla (T) increases soft-tissue con-
trast signifi cantly and is now the accepted standard 
for MRI of the prostate [60]. A drawback is the extra 
time required for insertion and checking of the po-
sition of the disposable ERC, as well as substantial 
expense. 

 On MRI, PC typically appears as an area of low 
signal intensity within the brighter, healthy PZ using 
a T2-dominated sequence [61 – 63] (Figure 3A – E). In 
the central gland, PC is not as clearly discernable 
because the central gland generally has lower signal 
intensity than the PZ and is more inhomogeneous 
due to BPH-induced architectural changes that may 
mimic PC. A recent study showed that a homoge-
neous low T2 signal intensity and lenticular shape 
were signifi cantly associated with presence of central 
ning, transrectal ultrasound, and MRI in a 67-year-old man with a 
tal rectal examination. (A) On the axial CT-scan image the prostate 
ar enhancement within the prostate was seen. (B) On gray-scale 
echogenicity (arrows) was visible ventrally. (C) The ventral cancer 
ace coils. (D) Histopathology confi rmed the presence of a ventral 
ity on transrectal ultrasound and low signal intensity on MRI.
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Figure 3. 59-year-old patient with PSA 12, Gleason, eight tumor (circle) right PZ, stage T3a (arrows) at prostatectomy. (A) T2-w axial 
image, (B) DCE image showing wash-out at the tumor site, (C) ADC-map tumor shows marked restriction, which argues for high Gleason 
grade, (D) DWI image (b 800) tumor has high signal, (E) sagital T2-weighted image, (F) concentration time curve shows fast wash-in 
and fast wash-out. G. MR spectrum shows high choline (arrow). This patient scores for all modalities fi ve points (20/20). Scale: 1 no 
tumor, 5 defi nitely tumor.
gland PC [64]. It was reported that higher Gleason 
score cancers had lower signal intensities (relative to 
muscle) compared with low Gleason score cancers 
[63]. T2-weighted imaging can be performed in mul-
tiple planes or as a three dimension (3D) volume 
acquisition [65]. Comparing T2-weighted MRI with 
prostatectomy specimens, MR attained high (52 –
 83%) sensitivities in PC localization, while specifi ci-
ties were somewhat lower (46 – 88%) (Table I). 

 A study that directly compared endorectal MRI 
with digital rectal and TRUS-guided biopsy localiza-
tion revealed signifi cant incremental value from MRI 
[66]. In patients subjected to multiple prior negative 
TRUS-guided biopsies, anatomical MRI by means 
of T2-dominated acquisition plays an important role. 
In this patient population, an 83% sensitivity and 
50% positive predictive value for MRI have been 
established [67]. 

 Postbiopsy hemorrhage causes areas of low signal 
intensity on T2-weighted imaging, thereby making 
prostate cancer detection more diffi cult. However, it 
was shown recently that the amount of hemorrhage 
was signifi cantly lower in areas of cancer compared 
with healthy tissue [68].   

 MRSI.   Additionally, MRSI (Figure 3G) can be add-
ed to the protocol to provide metabolic information 
based on the citrate, choline, and creatine levels, 
and their ratios within the prostate. This is highly 
informative since the ratio between choline and 
citrate alters during the transformation from healthy 
to malignant prostatic cells [69,70] and an increas-
ing choline  �  creatine/citrate ratio was correlated 
with higher Gleason scores [71]. Presently, 3D 
MRSI of the entire prostate can be performed [72], 
thereby aiding in the diagnosis of central gland PC. 
The addition of 3D MRSI to MRI has increased lo-
calization accuracy, particularly by raising specifi c-
ity up to 91% [73]. However, a limitation of MRSI 
is its low spatial resolution. Compared to systematic 
biopsy, PC localization by means of MRI and MRSI 
was found to be more sensitive (67% and 76% ver-
sus 50%) but less specifi c (69% and 57% versus 
82%) than systematic biopsy [74]. With whole-
mount section histopathology as standard of refer-
ence, 3D MRSI had a signifi cantly larger area under 
the receiver operating curve (AUC) of 0.80 in local-
izing cancer, compared with 0.68 with T2-weighted 
MRI [75]. Adding the combination of T2-weighted 
imaging and MRSI to clinical data was shown to 
have the highest accuracy (AUC 0.85) in predict-
ing the probability of a patient having insignifi cant 
prostate cancer [76], signifi cantly higher than that 
of clinical nomograms. A recent multi-institutional 
American College of Radiology Imaging Network 
study raised doubts on the additive value of MRSI 
over T2-weighted imaging alone [77]. However, 
potential factors for this result were the selected 
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prostatectomy population, the small average cancer 
focus size, and the inclusion of centers without any 
previous MRSI experience.   

 Diffusion weighted imaging (DWI).   DWI is a novel 
non invasive technique that measures the fractional 
anisotropy of water molecules within the prostate 
which is expressed in apparent diffusion coeffi cient 
(ADC) mapping. Thereby, cancer tissue is deemed 
to result in a more restricted movement of water 
molecules and thus producing lower ADC values 
(Figure 3C, D) [78,79]. A recent study in 38 patients, 
performed at 1.5T with an ERC observed that the 
mean ADC values of regions of interest placed within 
prostate cancer tissue was signifi cantly lower than 
those placed within healthy prostate tissue [80]. In 
preliminary studies, combining this technique with 
MRSI [80] or T2-weighted imaging [81] signifi cantly 
improved the localization accuracy. A recent study in 
Figure 4. A comparison of the image quality between axial endorectal
58 years, PSA level: 2.7 ng/ml, Gleason biopsy score: 6, normal digi
the central gland (*) increased and the capsule (arrowheads) is better
by the histopathology (C) is also better appreciated (arrows).
37 patients revealed a signifi cant increase in sensitiv-
ity from 51% for T2-weighted imaging to 71% for 
combined T2-weighted and DWI reading [82]. In a 
recent multiparametric analysis, DWI was the best-
performing parameter [83]. Preliminary studies at 
3T show promising results [84 – 86]. The b value used 
appears to affect the PC localization accuracy, as in 
a preliminary study imaging with a b value of 2000 
s/mm 2  was shown to have a signifi cantly higher accu-
racy compared with 1000 s/mm 2  [87], possibly due to 
a fall in the signal-to-noise ratio. At biopsy, DWI may 
aid in differentiating between low-risk and high-risk 
patients [88].   

 Dynamic contrast-enhanced MRI [83,89].   To further 
enhance localization accuracy of MRI, one may 
use contrast agents. Dynamic contrast-enhanced 
endorectal MRI, in which the contrast agent 
concentration is followed in time [90], is able to 
 coil (ERC) MRI at 1.5 T (A) and 3 T (B) in the same patient (age: 
tal rectal examination). The visibility of the internal architecture of 
 delineated at a fi eld strength of 3 T and the tumor (T) as outlined 
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discriminate between healthy prostatic tissue and 
PC [91]. Early contrast enhancement and high 
(relative) peak enhancement are the most accurate 
predictors of PC of the PZ, while fast washout of 
contrast agent and high permeability of the blood 
vessels (Figure 3B, F) are most sensitive for central 
gland PC [92,93]. A recent study showed that the 
AUC for localizing PC increased signifi cantly from 
0.68 with regular anatomical MRI to 0.91 by ap-
plying contrast agent [75]. However, limitations of 
using contrast agents are the higher costs and pos-
sible adverse reactions, of which the most serious, 
anaphylaxis, is rare [94,95].   

 Multiparametric imaging.   Combining any number of 
these techniques ( ‘ multiparametric imaging ’ ) has 
shown to increase the ability of MRI to detect and 
localize prostate cancer (Figure 3A – G) [96 – 98].   

 High-fi eld imaging.   An important future direction is 
the use of higher magnetic fi eld strengths (e.g. 3T) 
[99 – 101] (Figure 4). Compared with body array 
coil MRI, the higher resolution obtained with ERC 
MRI at 3T signifi cantly improved PC localization 
accuracy [102].   

 Biopsy.   Another development is to directly biopsy 
the prostate by means of MRI [103]. Preliminary 
results of direct MR-guided transrectal biopsy of 
suspicious lesions on pre-biopsy MRI in patients 
with prior negative or inconclusive TRUS-guided 
biopsy results demonstrated the feasibility of MR 
prostate biopsy without complications. Neverthe-
less, disadvantages of the biopsy device are its limit-
ed reach, particularly towards the base of the pros-
tate, and procedure duration [104]. In a study of 
68 patients with at least two prior negative TRUS 
biopsy sessions, MR guided biopsy established 
cancer in 59% [105].    

 Positron Emission Tomography (PET) Scanning: 
Metabolic information yet not suffi ciently 
discriminatory from benign disease  

 FDG.   The utility of PET scanning with fl uorine-
18-labelled deoxyglucose (FDG) in detecting PC is 
compromised by the relatively low uptake of FDG 
by prostate cancer cells [106] and signifi cant over-
lap with marker uptake by BPH. Moreover, reports 
of FDG uptake correlating with PC aggressive-
ness have been confl icting, although FDG uptake 
was substantially higher in metastasized compared 
to organ-confi ned primary cancers [107]. A 
further drawback is that the normal urinary FDG 
excretion results in high bladder activity which ob-
scures pathological FDG uptake in the prostate. 
Generally, FDG PET is not recommended for 
evaluation of the prostate as sensitivities are as low 
as of 4 – 64% with a specifi city in the order of 50% 
[108 – 110].   

  11 C-choline.   Another tracer, carbon-11-labelled 
choline ( 11 C-choline), accumulates in prostatic 
cells and has the advantage that, unlike FDG, 
it is not excreted via the urinary tract, and thereby 
does not infl uence the visualization of the pros-
tate [111]. Furthermore, the prostate is the only 
organ in the pelvis to accumulate  11 C-choline. 
The  11 C-choline uptake was higher in PC compared 
with BPH, but the difference was not signifi cant 
[112]. In a direct comparison between  11 C-choline 
PET and MRSI, a signifi cant linear correlation 
was observed between the maximum standardized 
uptake value (SUV) of  11 C-choline and the MRSI 
metabolite ratios. Also,  11 C-choline PET was more 
accurate than MRSI in accurately predicting the 
laterality (i.e. left- or right-sidedness) of the cancer: 
81% (13/16) versus 50% (8/16), respectively [113]. 
Recently, it was shown that  11 C-choline preferen-
tially detected more aggressive prostate cancer foci 
[114]. Drawbacks are the high costs of  11 C-choline 
and the short half-life of  11 C-choline (20 minutes). 
This latter precludes application of  11 C-choline in 
centers without cyclotrons. Nevertheless, the re-
sults of the fi rst two studies combining  11 C-choline 
PET/CT scanning were encouraging, with a sensi-
tivity of 66% and specifi city between 81 – 84% on 
a sextant basis [115,116]. However, the high rate 
of false negative fi ndings was a concern. A direct 
preoperative comparison between 11C-choline 
PET, FDG PET, and MRI in 43 patients showed 
that 11C-choline outperformed FDG PET in 
localizing prostate cancer but that MRI was superior to 
both [117].   

 Other radiopharmaceuticals.   A preliminary PET/CT 
study using fl uoro-18-choline ( 18 F-choline) dem-
onstrated its feasibility, but reported its inability to 
distinguish cancer from BPH [118]. In a small popu-
lation of both primary and recurrent disease, dual-
phase  18 F-choline showed that areas of malignancy 
had stably high or increasing uptake while benign 
areas had decreasing uptake [119]. Thereby, this 
technique may aid in differentiating malignant from 
benign prostatic tissue. In a double-tracer study,  11 C-
acetate PET was more sensitive than FDG, showing 
consistently increased uptake in PC lesions [120]. 
A further advantage was that  11 C-acetate did not 
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accumulate in the urine. Again, a considerable 
uptake overlap was described between normal pros-
tatic tissue, BPH and PC [121].    

 ProstaScint  ®   scanning: No place in regular 
clinical practice 

 ProstaScint  ®   (Cytogen, Princeton, NJ) is an 
Indium-111 labeled monoclonal mouse antibody 
specifi c for prostate-specifi c membrane antigen. A 
signifi cant association between the PSA level and 
detection of ProstaScint  ®   activity in the prostate 
was reported [122]. A recent study revealed sensi-
tivities between 37 – 87% and specifi cities between 
0 – 50%, concluding that the scan could not be used 
to reliably localize prostate cancer foci within the 
prostate [123]. In a single study of only seven 
patients in which the results of ProstaScint  ®   fusion 
with CT scanning were correlated with systematic 
biopsy a sensitivity and specifi city of 79% and 
80%, respectively, were found [124]. In 47 of 51 
(92%) preoperative patients at high risk of meta-
static disease an increased ProstaScint  ®   activity in 
the prostate was observed [125]. 

    A drawback is that the antibodies clear slowly 
from the vasculature and muscle. Blood and bone 
Figure 5. Proposed scheme for optimal use of imaging in patients at ri
specifi c antigen; DRE, digital rectal examination; TRUS, transrectal u
marrow activity may cause false-positive fi ndings. 
In regular clinical practice,    this modality has no 
place in primary prostate cancer detection and 
localization.    

 Conclusions and discussion 

 In summary, new developments in ultrasound imag-
ing (Doppler imaging and particularly the applica-
tion of contrast agents) have proved capable of 
increasing the PC detection rate with fewer biopsy 
cores necessary as well as detecting relatively more 
aggressive cancer foci. This is a substantial improve-
ment for the patient, who will have to undergo fewer 
biopsies. In addition, treatment guidance is improved 
since more representative areas are discovered at 
biopsy and thus the subsequent diagnostic process 
can be more accurately performed. TRUS remains 
the primary imaging tool because of its ease-of-use 
and its role in guiding prostate biopsy. However, 
TRUS accuracies varied widely among studies, in 
part due to the inherent high inter-observer varia-
tion, particularly in Doppler imaging. 

 MRI achieves high accuracy rates, particularly 
when functional information from dynamic 
sk of prostate having prostate cancer. Abbreviations: PSA, prostate-
ltrasound; PPA, pelvic phased-array coil.
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 contrast-enhanced MR and MRSI are added. A 
multiparametric approach was shown to optimize 
the diagnostic accuracy. This compensates for the 
longer examination time and the discomfort of the 
use of an ERC. Nevertheless, on a cost-effectiveness 
basis, MRI cannot be performed in all patients at 
risk of PC [126]. In patients with one or more prior 
negative TRUS-guided biopsy sessions and con-
tinuing suspicion of PC, MRI can provide valuable 
additional information for PC detection and local-
ization and thereby reduce the future number of 
biopsies the patient must undergo. Direct MRI 
guided biopsy is a novel method of performing tar-
geted prostate biopsy. 

 CT scanning does not play a role in PC detec-
tion or localization because of its low soft-tissue 
resolution and radiation burden. This also applies 
to PET scanning due to its high costs and invasive 
nature, as well as the availability of alternative 
imaging modalities. PET scanning may possibly 
be used in instances in which TRUS-guided 
biopsies are negative and absence of evidence of 
PC on MRI. In addition, combining or fusing 
PET scanning with, for instance, MRI may be of 
additional value.   

 Proposals for optimal usage of imaging  

 Scheme 

 Based on the abovementioned, the authors propose 
the following scheme for patient care in patients at 
risk for prostate cancer (Figure 5).   

 Comparison with AUA and EAU guidelines 
[127 – 129] 

 Both associations recognize that the stage migration 
during the PSA era necessitates more accurate tech-
niques in detecting and localizing prostate cancer. 
Use of TRUS to guide biopsy is regarded the stan-
dard of reference. The EAU ’ s guideline, however, 
does not mention any contrast-enhanced Doppler 
imaging based biopsy strategies. This is in contrast 
to the data presented in our review. Neither CT 
scanning nor MRI is recommended or mentioned 
in relation to prostate cancer diagnosis. The latter 
is in contrast with our proposal in which MRI is 
used in patients in whom no cancer was found on 
fi rst TRUS biopsy but with persistently high or 
rising PSA levels. 
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