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Abstract

Prostate cancer is currently the most common solid organ cancer type among men in the Western 

world. Currently, all decision-making algorithms and nomograms rely on demographics, 

clinicopathological data and symptoms. Such an approach can easily miss significant cancers 

while detecting many insignificant cancers. In this review, novel functional and molecular imaging 

techniques used in the diagnosis and staging of localised prostate cancer and their effect on 

treatment decisions are discussed.
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Introduction

Prostate cancer is currently the most common solid organ cancer type among men in the 

Western world, with a lifetime risk of about one in every six individuals. However, only 

around one in 36 diagnosed patients will eventually die from prostate cancer [1,2]. Early 

detection of prostate cancer is important, as treatment of cancer when it is confined to the 

prostate gland can be curative. However, many prostate cancers are indolent and early 

diagnosis simply leads to overtreatment. On the other hand, advanced disease can result in 

increased morbidity, diminished quality of life and death, albeit at a slower rate than most 

cancers. In the era of prostate-specific antigen (PSA) screening, more patients are being 

diagnosed with prostate cancer, often of the indolent type. This results from random biopsies 

of the prostate gland detecting low-grade, microscopic cancer that will take years to grow 

and may never become symptomatic. One solution to this dilemma is to use imaging to 

detect only the clinically relevant lesions.

Currently, all decision-making algorithms and nomograms rely on demographics, 

clinicopathological data and symptoms. However, it is known that such an approach can 

easily miss significant cancers while detecting many insignificant cancers. Multi-parametric 
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magnetic resonance imaging (MP-MRI), which includes both high-resolution anatomic and 

functional pulse sequences and positron emission tomography–computed tomography 

(PET/CT) with targeted tracers, has begun to play a major role in the detection and staging 

of localised prostate cancer [3,4]. In this review, novel functional and molecular imaging 

techniques used in the diagnosis and staging of localised prostate cancer and their effect on 

treatment decisions will be discussed.

Multi-parametric Magnetic Resonance Imaging

MP-MRI has greatly improved the identification and staging of localised prostate cancer. 

With the advent of higher field strength magnets (e.g. 3 Tesla), new coil designs (endorectal 

and multi-channel phased array surface coils) and imaging sequences, MP-MRI’s role has 

evolved to cancer detection, guided biopsies and therapy. The higher signal derived from 

modern MRI units enables high-quality scans to be obtained without an endorectal coil, 

which is considered important for the widespread use of prostate MRI. In this section, four 

basic parameters comprising a complete MP-MRI will be discussed.

T2-weighted Magnetic Resonance Imaging

T2-weighted MRI is the most commonly used component of MP-MRI of the prostate. It 

provides superior soft tissue contrast and clear delineation of prostatic zonal anatomy [5–7]. 

Most prostate cancers are low in T2 signal intensity against a background of high T2 signal 

intensity of the normal peripheral zone, due to loss of normal glandular morphology with 

prostate cancer (Figure 1).

However, low T2 signal intensity within the prostate is not always indicative of prostate 

cancer, as other benign conditions of the prostate, such as prostatitis, benign prostatic 

hypertrophy (BPH), scars or post-treatment changes (i.e. radiation, hormone ablation), post-

biopsy haemorrhage, may have a similar low signal intensity [8,9]. The detection of prostate 

cancer in the peripheral zone is much easier than in the transitional zone due to coexistence 

of BPH in the transitional zone. Indicators of tumour in the transitional zone include 

homogenous low T2 signal intensity without a distinct capsule, ill-defined margins and 

lenticular shape [6,10].

T2-weighted MRI can also assess whether the tumour is organ confined or extending beyond 

the prostate capsule. The detection of extracapsular extension (ECE) is quite important for 

preoperative staging because its presence upstages the patient to T3a stage, and thereby 

dictates a more aggressive treatment approach. On T2-weighted MRI, ECE usually appears 

as a direct extension of the tumour into the peri-prostatic fat, but ECE may not be obvious in 

all conditions; under such circumstances, secondary findings should be sought, including 

asymmetry of the neurovascular bundle, envelopment of the neurovascular bundle, contour 

angulation, irregular gland margin, capsular obscuration or retraction and obliteration of the 

rectoprostatic angle. Seminal vesicle invasion (SVI) can be seen as a low signal defect 

within the normally high signal seminal vesicles (Figure 2).

T2-weighted MRI alone is reported to have a wide range of sensitivity and specificity for 

detecting prostate cancer (reported sensitivities: 27–100%; reported specificities 32–99%), 
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as well as for staging (reported sensitivities 14–100%, reported specificities 67–100%). The 

wide range of sensitivities and specificities for detection is due to the significant variability 

of the studied patient populations, as well as differences in the gold standard (biopsy versus 

surgery) and also depends on the sophistication of the MRI unit and its operator. As a result, 

the main disadvantage of T2-weighted MRI is that it is highly dependent on the patient and 

the operator/interpreter [4]. A recent study by Kim et al. [11] showed T2-weighted MRI 

alone at the high field strength (i.e. 3 T) revealing a detection accuracy of 80–90% for 

tumour foci larger than 1.0 cm in diameter. However, for smaller tumours, T2-weighted MRI 

was far less accurate [12]. From the standpoint of local staging, particularly with regard to 

ECE, T2-weighted MRI is considered the most useful technique. In a cohort of 108 patients, 

Bloch etal. [13] evaluated the role of T2-weighted MRI and dynamic contrast-enhanced 

(DCE) MRI in staging prostate cancer and found an overall sensitivity, specificity, positive 

predictive value and negative predictive value for ECE of 75, 92, 79 and 91%, respectively. 

Currently, the presence of overt extension at T2-weighted MRI can be reliably used as an 

indicator of ECE. However, secondary findings (e.g. bulge, retraction) should be used with 

caution for making clinical decisions, as they can be falsely positive. T2-weighted MRI is 

also reported to be a useful technique for the detection of SVI. In a cohort of 573 patients, 

28 of whom had SVI, T2-weighted MRI outscored all clinicopathological variables in 

correctly predicting the SVI with an area under the curve (AUC) of 0.76 (versus 0.62–0.73 

for clinicopathological variables) [14]. Calculi or clot within the seminal vesicles as well as 

unilateral atrophy can mimic SVI. However, combined use of T2-weighted MRI with DCE 

MRI and diffusion-weighted (DW) MRI is helpful in this setting. In addition to lesion 

detection and local staging, T2-weighted MRI can also provide information about lesion 

size, which can be important in choosing the best treatment approach [15]. For example, if 

the lesion is small (e.g. <5 mm) with no sign of ECE, the patient may be a candidate for 

active surveillance based on the biopsy results, serum PSA, age and symptomatology. 

Although MRI is promising, further research is needed to define its role in clinical decision 

making.

Diffusion-weighted Magnetic Resonance Imaging

DW MRI measures the diffusion (via Brownian motion) of water molecules within the 

extracellular space [16,17]. Specifically, it measures water proton diffusion with a value 

called the apparent diffusion coefficient (ADC) [18]. As this property is influenced by 

cellular density, membrane permeability and extracellular space, DW MRI has the potential 

to explore some aspects of the microscopic structure of tissue [19,20].

The basis of DW MRI is that stationary water protons (non-diffusing) will not acquire a 

phase shift when an external magnetic gradient is applied. Moving water protons, on the 

other hand, will acquire a phase shift proportional to the amount of motion, resulting in loss 

of signal. If this process is repeated for stronger external magnetic gradients, an estimate of 

the bulk water diffusion can be made in the form of an ADC map [16]. Due to its higher 

cellular density, higher nuclear:cytoplasmic ratio and extracellular disorganisation, cancer 

has significantly restricted water proton diffusion and a hyperintense signal relative to 

surrounding non-cancerous tissue [21]. Consequently, DW MRI is increasingly used in 

oncology imaging [22]. Images created by DW MRI at each magnetic gradient strength (or 
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‘b’ value) are post-processed to generate ADC values, which are displayed visually as an 

ADC map. Viable tumours have low ADCs, whereas tumours undergoing therapy are 

observed to have progressively higher ADCs.

DW MRI can be used to detect prostate cancer due to the lower ADC values of malignant 

tumours compared with non-cancerous prostate tissue. DW MRI may also yield qualitative 

and quantitative information for evaluating the therapeutic response in prostate cancer 

patients throughout and subsequent to radiotherapy, and for predicting locally recurrent 

prostate cancer post-therapy [23]. Prostate cancers within the peripheral zone are 

hyperintense relative to a normal peripheral zone on DW MRI and hypointense on ADC 

maps relative to a normal peripheral zone due to ultrastructural changes mentioned above 

(Figures 1 and 2). However, DW MRI findings of the transitional zone are more challenging, 

as the transitional zone is more heterogeneous due to BPH [24,25]. Tumours of both the 

transitional zone and the peripheral zone have the same appearance on DW MRI and ADC 

maps. However, detection is confounded by the presence of multiple low signal BPH 

nodules on ADC maps. Based on diffusion signal alone, such lesions can be confusing, but 

when placed in the anatomic context of a well-circumscribed BPH nodule as seen on T2-

weighted MRI, it becomes easier to differentiate potential malignancy from benign tissue.

The addition of DW MRI to standard imaging protocols dramatically improves the overall 

diagnostic efficacy of MRI for prostate cancer detection [26]. In a study of 51 patients, 

Rosenkrantz et al. [27] showed that DW MRI and ADC maps had a greater sensitivity than 

T2-weighted MRI for less experienced readers and improved detection of peripheral zone 

lesions that were difficult to recognise on T2-weighted MRI.

However, DW MRI has limitations. It has limited spatial resolution, which is critical for 

local staging. It is also prone to susceptibility artefacts, especially those caused by rectal gas 

lying against the prostate.

Recently, ADC values of prostate cancer foci were correlated with Gleason scores [28,29]. 

Turkbey et al. [29] reported a negative correlation between tumour ADC values and Gleason 

scores in 48 patients scanned at 3 T. Moreover, they reported utility of ADC values in 

predicting D’Amico clinical risk scores. The ability to predict tumour aggressiveness is 

useful in selecting appropriate therapies and DW MRI is thus far the most promising 

quantitative MRI technique for accomplishing this non-invasively. However, there remains 

overlap between Gleason scores and ADC values, thus limiting DW MRI’s predictive value 

in individual patients. Moreover, not all lesions found to have low ADC values are actually 

tumours. This underscores the need to obtain biopsies in patients with suspected lesions on 

MRI regardless of their ADC value.

Magnetic Resonance Spectroscopic Imaging

Proton magnetic resonance spectroscopic imaging (MRSI) is a functional method used to 

assess prostate tissue metabolism. Each volume of interest (voxel) acquired in a three-

dimensional MRSI contains a metabolite spectra demonstrating the relative concentrations 

of metabolites such as citrate, creatine and choline. Prostate tumours are characterised by 

increased levels of choline and decreased levels of citrate, whereas normal prostate tissues 
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contain high levels of citrate and relatively low levels of choline and creatine. Thus, 

increases in the ratios (choline + creatine)/citrate and choline/citrate are a marker for 

prostate cancer [30] (Figure 1).

MRSI has been studied for several decades, and its joint use with T2-weighted MRI has 

been shown to aid in tumour volume estimation [31] and tumour localisation [32–34]. 

However, a recent prospective multicentre study carried out by the American College of 

Radiology Imaging Network (ACRIN) to determine the benefit of combined endorectal MRI 

and MRSI concluded that T2-weighted MRI alone and combined T2-weighted MRI–MRSI 

had similar accuracy in peripheral zone cancer localisation (AUC, 0.60 versus 0.58, 

respectively; P > 0.05). AUCs for individual readers were 0.57–0.63 for T2-weighted MRI 

alone and 0.54–0.61 for combined T2-weighted MRI–MRSI, without significant difference 

[35]. On the other hand, in a recent study by Selnaes et al. [36], the authors used a stringent 

segmental matching of histopathology and MRI. They found that combined T2-weighted 

MRI–MRSI performed better than T2-weighted imaging alone, with AUCs of 0.90 versus 

0.85. A principal advantage of the addition of MRSI to MP-MRI is its specificity [37]. There 

is growing recognition of the importance of identifying clinically significant tumours and 

differentiating them from lower grade tumours that may have no impact on the patient’s 

longevity [38]. Multiple authors have incorporated MRSI into nomograms to help predict the 

aggressiveness of tumours [39,40].

Several investigators have noted a correlation between metabolic ratios (e.g. choline/citrate) 

and prostate cancer aggressiveness [41–43]. Recently, Kobus et al. [44] studied the 

performance of MRSI alone and in combination with ADCs of DW imaging at 3 T. In this 

study, 54 patients with biopsy-proven cancer underwent MRSI before prostatectomy. They 

found a significant correlation between aggressiveness classes and (choline + creatine)/

citrate ratio, choline/citrate ratio, and ADC values in peripheral zone tumours with AUCs of 

71, 67 and 81%, respectively. Furthermore, they found a significant correlation between 

aggressiveness classes and (choline + creatine)/citrate ratio and choline/citrate ratio in the 

transitional (rho = 0.58 and 0.60, respectively). Thus, the authors confirmed the potential of 

MRSI in the assessment of prostate cancer aggressiveness. However, further validation is 

needed [44].

Because of its reduced spatial resolution compared with other modalities, MRSI would not 

be expected to be helpful in detecting ECE. Nevertheless, Yu et al. [45] reported that the 

addition of MRSI to MRI improved the diagnostic accuracy for ECE among less 

experienced readers. They used the location and number of abnormal MRSI voxels for the 

evaluation of ECE. In this study, patients with the least extensive tumours on MRSI (<1 

cancer voxel per section) were found to have a 6% risk for ECE, whereas patients with the 

most extensive tumours (>4 cancer voxels per section) had an 80% risk of ECE. However, 

despite these favourable results, MRSI is not used for local staging and mainly serves to 

confirm aggressiveness of lesions detected in other MP-MRI sequences.

MRSI is both technically challenging and time consuming, adding to the expense of MRI 

studies. Most vendors now supply a workable MRSI package for prostate imaging. However, 

proper performance of the scan is still needed, such as proper magnetic resonance shimming. 

Turkbey et al. Page 5

Clin Oncol (R Coll Radiol). Author manuscript; available in PMC 2019 January 12.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Partial volume effects, owing to the large size of the MRSI voxel, may be misinterpreted by 

less experienced readers. MRSI requires additional time for post-processing, decreasing 

clinical throughput and requiring skilled labour. For these reasons, proton MRSI has not 

gained the widespread clinical use that other MP-MRI sequences have achieved.

Dynamic Contrast-enhanced Magnetic Resonance Imaging

DCE MRI is an important functional sequence in prostate cancer imaging. DCE MRI 

involves the acquisition of sequential images using fast T1-weighted sequences before, 

during and after the injection of an MRI contrast agent (such as low molecular weight 

gadolinium chelates) within the prostatic tissue. DCE MRI has high sensitivity, which can be 

useful for the initial evaluation of potential tumour foci, and has been routinely used to 

detect lesions and cancer aggressiveness, and to monitor therapeutic responses in clinic trial 

settings. It uses rapid T1-weighted sequences to detect the arrival and uptake of the contrast 

agent before it washes out. DCE MRI provides a rough delineation of perfusion and 

permeability in different regions of the prostate [46,47]. Tumour enhancement is often 

earlier, more rapid and with a more rapid washout, than normal tissue because the highly 

permeable vessels found in tumours, termed neoangiogenesis, are thought to be related to 

tumour aggressiveness [48] (Figures 1 and 2). However, abnormal enhancement patterns can 

be seen in BPH nodules and inflammation, making assessment of the central gland difficult 

[49]. Furthermore, smaller and low-grade tumour foci frequently do not show abnormal 

enhancement on DCE MRI [50].

The most common evaluation method for DCE MRI is the qualitative approach, which is the 

visual detection of focal early and intense enhancement with early washout compared with 

normal prostatic tissue. Additionally, pharmacokinetic parameters (Ktrans [transfer of 

gadolinium contrast from the vascular compartment to the tumour compartment, 

representing forward vascular permeability and flow], kep [reverse transfer of contrast from 

the extracellular space back to the plasma space, representing backward leakage]) can be 

determined semi-quantitatively, using different kinetic models that provide indices of 

vascular permeability [51]. Newer software is able to generate these curves along with 

colour maps for easier interpretation. Semi-quantitative analysis is based on fitting the time–

gadolinium concentration curve to the two compartment model. In addition to these 

calculated permeability parameters, the time–gadolinium concentration curve can be used to 

measure the AUC, the time to peak enhancement and the initial slope. Enhancement curves 

can be classified into one of three types: type 1, persistent increase; type 2, plateau curve; 

and type 3, decline after initial upslope. Of these curves, type 3 is most commonly 

associated with prostate cancer, although mixtures of different curves are often found within 

lesions [52].

For the detection of tumours, DCE MRI alone has a sensitivity and specificity range of 46–

96% and 74–96%, respectively. However, these ranges are highly dependent on patient 

selection, image acquisition and analysis technique, lesion size and diagnostic criteria [4]. A 

recent work by Puech et al. [53] analysed the performance of DCE MRI (at 1.5 T) in 

identifying and localising intraprostatic cancer foci in relation to cancer volume at histology. 

The sensitivity and specificity of DCE MRI for the identification of tumour foci of any 
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volume were 32 and 95%, respectively. For the identification of tumour foci >0.5 ml, the 

sensitivity and specificity were 86 and 94%, respectively, and the AUC was 0.874 [53].

The transitional zone is a challenging area for tumour detection, as BPH nodules often show 

early and intense enhancement, much like tumours. However, similar to tumours in the 

peripheral zone, transitional zone tumours also show early washout, which is unusual in 

BPH nodules. Nonetheless, it is important to interpret DCE MRI of the transitional zone in 

the context of the T2-weighted results. BPH nodules can often be distinguished by a clear 

capsular demarcation and a rounded appearance. It is uncommon for a BPH nodule to 

contain cancer. Thus, lesions that seem to be BPH nodules on T2-weighted MRI can be 

disregarded, irrespective of their appearance on DCE MRI [54,55].

DCE MRI suffers from a relatively lower spatial resolution, so it must be combined with T2-

weighted MRI to improve prostate cancer detection and local staging (AUC 95% overall 

staging accuracy), compared with each technique alone [56,57]. DCE MRI plays a key role 

in confirming a suspicion of SVI detected via T2-weighted MRI and/or DW MRI. The 

presence of early enhancement within a suspected seminal vesicle lesion strongly suggests 

invasion. Ogura et al. [58] reported that early, intense enhancement of the seminal vesicles 

has an accuracy rate of 97% for SVI.

DCE MRI is the most important magnetic resonance sequence in the detection of cancer 

recurrence after previous treatment of prostate cancer, especially after prostatectomy, focal 

ablation and radiotherapy, as other magnetic resonance methods are affected by treatment-

related anatomical and functional changes, such as surgical clips, fiducial markers and 

fibrosis.

Positron Emission Tomography/Computed Tomography

The strengths of MRI lie in its highly detailed anatomy, multi-parametric acquisition, lack of 

ionising radiation and widespread availability. However, PET is significantly more sensitive 

than MRI. PET achieves this sensitivity at the expense of resolution; although, to some 

extent this can be compensated for by fusing the PET and CT data (PET/CT). PET has the 

ability to image tumour-specific biochemical and metabolic alterations, such as increased 

glucose metabolism, increased protein and DNA synthesis, increased lipid metabolism and 

altered receptor phenotypes, by using the proper PET radioactive drug. Numerous novel 

PET radiotracers are currently under investigation for prostate cancer imaging (discussed 

below).

The most common PET radiotracer used in clinical studies is a fluorine-18 labelled glucose 

analogue, 18F-fluorodeoxyglucose (FDG), which is an indicator of glycolysis in cancer cells. 

Experience has shown that 18F-FDG is not useful in the initial diagnosis and staging of 

prostate cancer because lower grade prostate cancers do not depend principally on glycolysis 

for growth. This results in a low expression of GLUT1 transporters in these slow-growing 

tumours [59,60]. Meanwhile, FDG is avidly taken up by prostatic tissue in non-malignant 

conditions such as BPH and prostatitis [61–64]. In addition, the physiological excretion of 

FDG into the urinary system can limit the evaluation of the prostate due to intense activity in 

Turkbey et al. Page 7

Clin Oncol (R Coll Radiol). Author manuscript; available in PMC 2019 January 12.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



the bladder, which may mask the primary prostate tumour site or locoregional lymph node 

metastases. Mixed results have been reported for FDG in organ-confined prostate cancer. In 

the earliest literature, Effert et al. [60] reported a low uptake of 18F-FDG in 81% of 

untreated, primary prostate tumours without any correlation between uptake and tumour 

grade or stage. By contrast, recent publications, using newer PET cameras and PET/CT 

combination, have suggested that 18F-FDG may reflect the prostate tumour biology by 

showing accumulation in more aggressive lesions compared with indolent lesions, with 

sensitivity up to 80% in tumour detection when grouping higher Gleason score lesions 

[65,66]. However, the overlap of tracer FDG accumulation in prostate tumours and BPH 

remains a limitation for tumour characterisation. Because 18F-FDG PET does not meet all 

the clinical needs for prostate cancer imaging, a wide variety of alternative PET tracers have 

been developed for prostate cancer over the last decade.

11C-acetate is a PET radiotracer believed to become incorporated into the cell membrane 

lipids of prostate tumour cells due to the dominance of fatty acid metabolism[67]. Because 
11C-acetate is excreted mostly via the pancreas, imaging of the pelvis is potentially suitable 

with this tracer. A major limitation is the short half-life of 11C (T1/2 ~ 20 min), which 

requires an on-site cyclotron. When 11C-acetate was compared with 18F-FDG by Oyama et 
al[68]., they concluded that 11C-acetate was more sensitive than 18F-FDG for the detection 

of primary prostate tumours. However, other studies have reported an overlap of 11C-acetate 

uptake between malignant and non-malignant prostatic tissue [69]. In a recent study, Mena 

et al. [70] compared MP-MRI and 11C-acetate PET/CT in localised prostate carcinoma, with 

whole mount section histopa-thology. They reported a sensitivity and specificity of 61.6 and 

80.0% for 11C-acetate and 82.3 and 95.1%, for MP-MRI; 11C-acetate uptake correlated with 

neither Gleason score nor PSA values [70]. Similarly, Jambor et al. [71] found that 11C-

acetate PET was unable to provide information on cancer aggressiveness. Despite the uptake 

overlap between prostate cancer and BPH nodules, 11C-acetate can be potentially used to 

monitor disease status after focal therapy, surgery or radiation, and this needs further 

research (Figure 3).

Choline PET radiotracers have also been investigated for prostate cancer imaging. These are 

based on the presence of choline kinase in malignant tissue, which is involved in lipid and 

cholesterol metabolism and transport [72]. Choline can be radiolabelled with either 11C 

(11C-choline) or 18F (18F-fluoromethylcholine, FCH). These radiotracers have shown 

conflicting results for the detection of primary prostate cancer; some investigators have 

reported high sensitivity of 87% for 11C-choline [73], even higher than MRI and MRSI 

(100% versus 60% versus 65%) [74], whereas other studies have reported lower sensitivity 

of 66% [75] and even lower sensitivity relative to MRSI (55% versus 81%) [76]. Sensitivity 

may depend on several factors, such as tumour grade, size or location [77,78]. On the other 

hand, similar to 11C-acetate, 11C-choline and 18F-fluorocholine uptake overlaps among 

cancer and normal prostatic tissue or BPH [79,80] and uptake does not correlate with tumour 

grade, PSA, Gleason score, tumour volume [81] or with cellular proliferation [82]. However, 
11C-choline PET has the potential for the detection of cancer after biochemical recurrence 

after therapy. 11C-choline performed better than clinical nomograms in predicting nodal 

metastases and showed a sensitivity of 93% for detecting local recurrence or distant 

metastasis [83]. The sensitivity seemed to correlate positively with serum PSA level [84,85]. 
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Looking to the future, however, the limited availability of 11C production means that for 

choline agents to be successful, they must migrate to labelling with 18F, which has a longer 

half-life. Unfortunately, this chemical alteration results in more renal excretion, leading to 

bladder activity artefacts.

The amino acid transport metabolism is an important method for prostate cancers to generate 

energy and find substrates for protein synthesis. One of the earliest investigated amino acid-

based PET tracers was 11C-methionine. 11C-methionine PET seemed to be useful in 

detecting primary prostate tumours of both low and high Gleason scores [86] and it has been 

shown to be superior to FDG in identifying metastatic disease [87]. Another amino acid PET 

tracer is 18F-fluorocyclobutane-1-carboxylic acid (FACBC), a synthetic L-leucine amino 

acid analogue whose uptake by prostate carcinoma cells is probably mediated by sodium-

independent L-type large-neutral amino acid transport system. Initial experience with 

anti-18F-FACBC was reported in primary (n = 9) and suspected recurrence (n = 6) prostate 

cancer by Schuster et al. [88]. More recently, the same group [89] reported a sensitivity, 

specificity and accuracy of 81.3, 50.0 and 70.8%, respectively, to localise prostate tumour in 

a cohort of 10 patients; no significant correlation was seen between anti-18F-FACBC uptake 

and Ki-67, a proliferation marker. Furthermore, there was no distinct separation between 

malignant and non-malignant sextants or between Gleason score level and uptake of 

anti-18F-FACBC. Turkbey etal. [90] also reported an overlap of anti-18F-FACBC uptake with 

non-malignant histology in organ-confined prostate cancer. Despite its limited value in 

localised prostate cancer, 18F-FACBC is a useful probe for treatment follow-up and more 

locoregionally advanced disease. In the setting of biochemical recurrence, Schuster et al. 
[91] reported suboptimal specificity of anti-18F-FACBC in the prostate bed, but very 

promising results in the detection of occult extraprostatic sites of disease.

Prostate-specific membrane antigen (PSMA) has also emerged as a candidate imaging 

biomarker for prostate cancer. The current commercially available anti-PSMA antibody 

tracer, 111In-labelled capromab pendetide (ProstaScint®), targets the internal domain of the 

PSMA receptor and, thus, only apoptotic or necrotic tissue is accessible to the agent. 

ProstaScint has shown suboptimal sensitivity and specificity in imaging the prostate fossa 

and detecting osseous metastases [92]. Although this agent is not used for detecting 

localised prostate cancer, other radiolabelled molecules that bind to the extracellular domain 

of PSMA have recently emerged for single-photon emission computed tomography 

(SPECT) imaging use; 123I-MIP-1072 is one such agent that is currently under development. 

Similarly, a 99mTc-labelled version of this agent is undergoing testing [93]. A PET agent 

similar to these small molecule SPECT agents is 18F-DCFBC, which has shown promising 

results for the detection of metastatic prostate cancer [94], but has not been used extensively 

in localised disease.

A major limitation of the aforementioned agents is that they have not been tested in large 

multicentre studies. PET imaging is expensive, and only a few institutions are capable of 

synthesising agents. Moreover, incentives in academics favour the development of novel 

PET agents rather than the multicentre testing of existing agents. The assessment of prostate 

cancer imaging remains a challenge in many clinical situations for PET imaging and the 

‘dream’ PET tracer has yet to be discovered. It is hoped that these advances in molecular 
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imaging may provide new insights into prostate cancer biology that will translate into better 

treatment planning and thereby contribute to long-term reductions in the morbidity and 

mortality of prostate cancer.

Conclusion

Accurate detection and local staging of prostate cancer is important for delivering optimal 

treatment to the patient. Novel imaging techniques, such as MP-MRI and PET/CT with 

targeted radiotracers, are promising methods. MP-MRI is much further ahead. It has the 

ability to detect clinically significant intraprostatic tumours and can provide valuable 

information about local staging and tumour aggressiveness. PET/CT has not yet made a 

clinical impact in localised prostate cancer, but the growing number of novel tracers augers 

well for the future of prostate cancer detection. So far, a common limitation of the current 

PET agents is overlap of uptake between tumour and non-tumoral pathologies, and some 

agents excreted by the kidney obscure the prostate. PET/CT promises to be useful in the 

setting of local tumour recurrence. Continued research is required to optimise these novel 

imaging techniques and implement them into routine clinical practice.
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Fig 1. 
A 63-year-old man with a serum prostate-specific antigen (PSA) of 14 ng/dl. (A) Axial T2-

weighted magnetic resonance imaging (MRI), (B) apparent diffusion coefficient map of 

diffusion-weighted MRI, (C) raw dynamic contrast-enhanced (DCE) MRI and (D) Ktrans 

maps derived from DCE MRI show a lesion in the left mid-peripheral zone (asterisk). (E) 

Magnetic resonance spectroscopy shows an elevated choline/citrate ratio in the left mid-

peripheral zone compared with the normal right side. Subsequent transrectal ultrasound 

(TRUS)/MRI fusion-guided biopsy revealed a Gleason 4 + 4 (65%) tumour within that 

lesion.
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Fig 2. 
A 52-year-old man with a serum prostate-specific antigen (PSA) of 23 ng/dl with no 

previous biopsy. (A) Axial T2-weighted magnetic resonance imaging (MRI), (B) apparent 

diffusion coefficient map of diffusion-weighted MRI, (C) raw dynamic contrast-enhanced 

(DCE) MRI and (D) Ktrans map derived from DCE MRI show a lesion affecting almost the 

whole prostate gland (asterisk). The large lesion invades the rectum [(arrow in (A)] and 

seminal vesicles bilaterally [short arrows in (E)]. Additionally, a metastatic lymph node is 

present in the left obturator chain [dashed arrow in (E)]. Subsequent TRUS/MRI fusion-

guided biopsy revealed a Gleason 5 + 5 tumour within the prostate.
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Fig 3. 
A 59-year-old man with a prostate-specific antigen (PSA) of 8.6 ng/mL. 11C-acetate positron 

emission tomography (PET) shows significant tracer uptake in the left-sided lesion on (A) 

PET and (B) PET/computed tomography images (arrows). (C) Axial T2-weighted magnetic 

resonance imaging (MRI) shows two lesions (large arrow: left anterior transitional zone; 

small arrow: left peripheral zone) in the left apical portion of the prostate. (D) 

Histopathology confirmed the presence of a Gleason 4 + 4 tumour within the left-sided large 

transitional zone lesion (arrow) and three smaller Gleason 3 + 3 lesions (dashed arrow 

lesions were missed by both 11C-acetate PET and MRI, whereas the solid arrow lesion was 

detected by MRI only).
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