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Abstract

Prostate cancer is a common cancer in men and continues to be a major health problem. Imaging

plays an essential role in the clinical management of patients. An important goal for prostate

cancer imaging is more accurate disease characterization through the synthesis of anatomic,

functional, and molecular imaging information. Developments in imaging technologies,

specifically magnetic resonance imaging (MRI) and positron emission tomography (PET)/

computed tomography (CT), have improved the detection rate of prostate cancer. MRI has

improved lesion detection and local staging. Furthermore, MRI allows functional assessment with

techniques such as diffusion-weighted MRI, MR spectroscopy, and dynamic contrast-enhanced

MRI. The most common PET radiotracer, 18F-fluorodeoxyglucose, is not very useful in prostate

cancer. However, in recent years other PET tracers have improved the accuracy of PET/CT

imaging of prostate cancer. Among these, choline (labeled with 18F or 11C), 11C-acetate, and 18F-

fluoride have demonstrated promising results, and other new radiopharmaceuticals are currently

under evaluation in preclinical and clinical studies.
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Introduction

In developed countries, prostate cancer is the second most frequently diagnosed cancer, and

the third most common cause of death from cancer in men [1••]. Clinically, prostate cancer

is diagnosed as local or advanced. At present, diagnosis is based on examination of

histopathological or cytological specimens from the gland. The most common way to obtain

the necessary tissue specimen is by several systematic transrectal core biopsies, with

guidance by transrectal ultrasound (TRUS). Prostate cancer usually responds to androgen

deprivation therapy, but on average, after 12 to 18 months, malignant cells become resistant

[2]. Many novel therapeutic approaches are in development, including new cytotoxic agents,

antiproliferative therapies, immune-based agents, and antiangiogenic agents [1••, 2]. Other

new treatment modalities in advanced prostate cancer may involve targeted radionuclide

therapy (TRT) [3•, 4•].

Currently, prostate cancer is classified into three risk groups (low, intermediate, or high)

based on serum prostate-specific antigen (PSA) level, Gleason score, and clinical stage.

These groups are used as a guide to make treatment decisions. TNM classification is the

reference standard for staging prostate cancer. Imaging plays an important role in staging,

which is crucial for choosing the optimal treatment strategy in prostate cancer [5••, 6•].

Furthermore, imaging is a powerful modality in staging because most imaging techniques

are noninvasive or minimally invasive, can provide real-time data, and allow repeated

measurements. The goals of imaging modalities depend on the clinical state of prostate

cancer [7•]. For initial prostate evaluation (no cancer diagnosis), imaging may distinguish

cancer from benign tissue. In patients with newly diagnosed prostate cancer, imaging should

be used to identify extent of both localized and metastatic disease, prognosticate, and

evaluate effects of treatment. In patients with biochemical recurrence (rising PSA), imaging

should identify extent of both localized and metastatic disease to guide therapy. In patients

with clinical metastases, imaging should determine extent of metastatic disease, assess

treatment response, identify patients with a particular biologic profile, prognosticate, and

determine pharmacodynamics of targeted therapy. Other important imaging goals include

shorter duration of phase 2 trials to evaluate new drugs and accelerated approval in phase 3

trials.

Conventional imaging, including computed tomography (CT), magnetic resonance imaging

(MRI), and ultrasound, is currently used to detect organ-confined or metastatic disease for

staging and determining prognosis in prostate cancer patients. However, there is need for

improvement in the use of imaging for determining tumor grade, staging, identifying

minimal metastatic disease, and distinguishing lethal from nonlethal disease. This review

summarizes recent developments in positron emission tomography (PET)/CT and MRI of

prostate cancer.

PET

PET is a tomographic technique that computes the three-dimensional (3D) distribution of

radioactivity based on the detection of photons resulting from annihilation of positrons that

are emitted by positron emitter-labeled radiotracers. PET allows noninvasive quantitative

assessment of biochemical and functional processes. In contrast to PET, CT uses an eternal

X-ray beam to generate tomographic images. CT allows the visualization of morphological

and anatomic structures with a high anatomical resolution. Anatomical and morphological

information derived from CT can be used to increase the precision of localization,

assessment of extent, and characterization of lesions detected by PET. Integrated PET/CT

combines PET and CT in a single imaging device and allows morphological and functional

imaging to be carried out in a single imaging procedure.
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The most commonly used PET radiotracer at present is the glucose analogue 18F-

fluorodeoxyglucose (FDG), a marker of glucose metabolism. To date, most oncologic

clinical studies have used 18F-FDG for PET/CT, and 18F-FDG PET/CT is now an

established imaging modality that has been extensively validated in routine clinical practice

of several cancers. However, not all cancers are 18F-FDG avid, including most prostate

cancers; in the recent years, new and more promising PET tracers are being evaluated in

prostate cancer.

PET Tracers and Prostate Cancer

FDG

FDG accumulation in tissue is proportional to the amount of glucose utilization. Increased

consumption of glucose is a characteristic of most cancers and is in part related to

overexpression of the GLUT-1 glucose transporters and increased hexokinase activity. Once

inside the cell, FDG is phosphorylated by hexokinase into FDG-6-phosphate, which is not

metabolized and accumulates intracellularly. Unfortunately, a large fraction of prostate

cancer has a relatively slow metabolic rate and expresses fewer GLUT-1 binding sites,

leading to lower 18F-FDG uptake compared with other cancers. Thus, the results of 18F-

FDG PET/CT in detecting prostate cancer have been mixed [8•, 9]. To improve the

usefulness of PET/CT in prostate cancer detection, molecular PET probes with higher

sensitivity and specificity are being developed and validated. Specifically, PET tracers such

as 11C-acetate, 11C-choline, and 18F-choline have been investigated as alternatives to 18F-

FDG. In addition, other biomarkers are being developed and tested in preclinical and clinical

studies [3•, 6•].

Choline

Choline is incorporated into tumor cells by conversion into phosphorylcholine, which is

trapped inside the cell. This is followed by synthesis of phosphatidylcholine, which

constitutes a main component of cell membranes. Because most tumor cells proliferate very

quickly, the biosynthesis of cell membranes also is very rapid, resulting in increased uptake

of choline and upregulation of the enzyme choline kinase. Thus, the uptake of choline in

tumors corresponds to the rate of tumor cell proliferation. Choline has been labeled with 18F

and 11C for PET/CT imaging in prostate cancer (Fig. 1). Because 11C has a very short half-

life of 20 min, an onsite cyclotron and a radiochemistry laboratory with experienced staff is

necessary for using this radionuclide for PET/CT imaging in patients. Several PET/CT

studies have demonstrated choline useful for detection of prostate cancer [3•, 5••, 6•, 7•].

Acetate

Acetate uptake in tumor cells is proportional to lipid synthesis. Acetate is metabolized and

incorporated into the cellular lipid pool, mostly phosphatidylcholine (incorporated in the cell

membrane) and neutral lipids. An increase in fatty acid synthesis and an overexpression of

the key enzyme fatty acid synthase have been demonstrated in prostate cancer [10]. Acetate

labeled with 11C is used for PET/CT imaging of prostate cancer (Fig. 2) [3•, 5••, 6•, 7•].

Amino Acids

For imaging of amino acid transport, 11C-methionine has been used in prostate cancer [11].

Uptake of 11C-methionine is proportional to the amino acid transport and, to some extent,

protein synthesis. In cancer, methionine uptake has been correlated with the amount of

viable tumor tissue. Anti-1-amino-3-18F-fluorocyclobutane-1-carboxylic acid (18F-FACBC)

is a synthetic l-leucine analog that is taken up by amino acid transporters into cancer cells. In

a pilot study, limited bladder excretion was demonstrated, and 18F-FACBC PET/CT was

able to detect both localized disease and recurrence of prostate cancer [12].
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Androgen Receptor

With respect to androgen receptor imaging, PET tracers such as 16β-18F-fluroro-5α-

dihydrotestosterone (18F-FDHT) targeted to the androgen receptor have been developed and

evaluated [13]. The androgen receptor plays an important role in the growth and

proliferation of prostate cancer as well as modulation of androgen status. Antiandrogen is

widely used in treatment of prostate cancer. 18F-FDHT PET/CT may be useful in monitoring

treatment response; however, this has to be investigated further.

PSMA

In prostate cancer there is increasing evidence that prostate-specific membrane antigen

(PSMA) may be a target for both imaging and therapy [14••, 15••]. PSMA is highly

expressed by virtually all prostate cancers, and the expression increases with tumor

aggressiveness, androgen independence, metastatic disease, and disease recurrence. The first

clinical agent targeting PSMA in prostate cancer was performed with ProstaScint (capromab

pendetide; EUSA Pharma, Oxford, England) [14••]. The relatively poor results of the initial

studies using ProstaScint may be due to the fact that capromab pendetide recognizes an

internal epitope of PSMA, and hence detects only necrotic tissue [7•]. More recently,

radiolabeled monoclonal antibodies (mAbs) that bind to the extracellular domain of PSMA

have been developed. Among these, the humanized version of J591 has had promising

results in imaging and TRT of prostate cancer [15••, 16, 17]. In the past few years, other

mAbs that target PSMA for molecular imaging have been developed and tested in in vivo

studies [18, 19•, 20••]. Low-molecular-weight, radiopharmaceutical-based imaging agents

may provide superior pharmacokinetics for imaging than radiolabeled antibodies, and this

small molecule approach has demonstrated promising results for PET/CT and single photon

emission computed tomography (SPECT)/CT imaging [15•, 21••]. Furthermore, PSMA is an

attractive target for TRT in advanced prostate cancer.

HER2

Overexpression of the HER2 protein and amplification of the HER2 gene have been

implicated in tumor development and progression, and is associated with a poor prognosis in

several types of cancer. There is increasing evidence that HER2 also plays a role in

advanced prostate cancer [3•, 4•]. Monoclonal antibodies such as trastuzumab and

pertuzumab, or the small scaffold Affibody molecule are used as HER2-targeting agents.

For imaging purposes, these agents are labeled with positron- or gamma-emitting

radionuclides for PET or SPECT imaging, respectively. Recently, a HER2-binding Affibody

molecule has been labeled with 18F for in vivo monitoring of the HER2 expression by PET,

and the same tracer has been used to assess the changes of HER2 expression following

therapeutic intervention [22••]. Increased HER2 expression in prostate cancer represents a

target for imaging with PET/CT and SPECT/CT, as well as for TRT in metastatic disease.

Fluoride

Bone is the most common site for prostate cancer metastases. Bone scintigraphy uses 99mTc-

labeled methylene diphosphonate that is incorporated into hydroxyapatite, the principal

component of bone cortex. However, this is not a specific agent for detection of malignancy.

For imaging of osteoblastic activity, 18F-fluoride may be used in PET/CT studies. 18F-

fluoride is highly effective in detection of bone metastases, and uptake in malignant bone

lesions reflects the increase in regional blood flow and bone turnover [10].
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PET/CT Imaging in Prostate Cancer

Diagnosis and Detection

For primary diagnosis of prostate cancer, a pathologic examination of multiple core biopsies

is used. TRUS is primarily used for guiding the biopsy needle to the desired anatomical

locations in order to estimate prostatic volume and assist systematically biopsy

sampling. 18F-FDG has low sensitivity for detection of cancer in the prostate gland and is

not very useful for diagnosis, assessment of local organ-confined cancer, or extracapsular

extension. Furthermore, similarities in the 18F-FDG uptake in prostate tumors and benign

prostatic hyperplasia (BPH) have been demonstrated [8•]. Additionally, intense tracer

activity in the bladder may mask uptake in the prostate and interferes with the identification

of pelvic lymph node metastases. New radiotracers that target tumor proliferation,

membrane turnover, and amino acid transport are currently under investigation. Choline,

labeled with 18F or 11C, and 11C-acetate are examples of such tracers that are being

investigated. 11C-acetate is metabolized in various organs and has little urinary excretion,

allowing PET imaging of the pelvis without interference with tracer activity in the bladder.

Although 11C-acetate PET/CT has been demonstrated to be useful in the diagnosis, staging,

and restaging of prostate cancer, prospective clinical trials are needed to properly evaluate

its role in localized disease [8•]. Similar to 11C-acetate, 11C-choline has limited urinary

excretion, and is thus more suitable for PET imaging of the prostate than 18F-FDG. Several

studies have demonstrated 11C-choline to be useful for PET/CT imaging of prostate cancer

[23, 24]. However, false-positive findings may occur due to an overlap of 11C-choline

uptake between benign and malignant processes in the prostate gland [24]. The very short

half-life of 11C (20 min) may make it less practical than 18F (110 min) for using it as a

choline radiolabel because of logistic issues. On the other hand, 18F-choline is excreted in

the urine and may, therefore, be less suitable for detection of malignancy in the prostate

gland.

Staging

18F-FDG PET/CT demonstrates limited detection rate of malignant lymph node involvement

in the pelvis, but it may be used in some advanced metastatic cases with poor response to

therapy, or rising PSA during therapy. Several PET/CT studies using choline and acetate

have demonstrated promising results in detecting metastatic prostatic disease [3•, 8•]. It has

been shown that the detection rate of malignancy depends on PSA level [25, 26••]. The

results obtained with choline and acetate, although much better than FDG, have to be

evaluated further in larger prospective trials to properly establish their role in prostate

cancer. Currently, at least two large prospective trials are investigating the feasibility of 18F-

choline PET/CT for preoperative N-staging of prostate cancer. The utility of other tracers,

ie, 18F-FACBC, radiolabeled agents targeting PSMA, 18F-FLT (a marker of cell

proliferation), and 18F-DHT, remains to be evaluated further.

Recurrence

After definitive radical prostatectomy or radiation therapy, biochemical recurrence (rising

PSA) is often the first sign of prostate cancer recurrence. Rising PSA most often precedes

clinical sign of recurrence by years. The time to recurrence after radical prostatectomy

depends on preoperative pathologic stage, Gleason score, and postoperative PSA doubling

time. It is important to determine whether the recurrence is local and/or is in distant organs

in order to select the appropriate therapy. Due to the typically slow growth rate of prostate

tumors, 18F-FDG is not the optimal tracer for detection of recurrence. In some cases of

recurrence, 18F-FDG PET/CT may demonstrate both local and distant recurrence. However,

the newer tracers, 18F-choline, 11C-choline, and 11C-acetate, demonstrate much higher
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detection rate of local recurrence, regional lymph node involvement, and/or distant organ

involvement after radical prostatectomy and radiation therapy [3•, 7•, 26••, 27].

Bone Metastases

Currently, 99mTc-MDP bone scan is the standard method for detection of bone metastases in

prostate cancer patients. SPECT/CT may improve the detection of bone metastases

compared with conventional planar bone scintigraphy because of the higher sensitivity of

modern SPECT/CT cameras and the better resolution of SPECT/CT compared with

projection scintigraphy. It has been demonstrated that 18F-fluoride PET/CT is superior

to 99mTc planar imaging and SPECT/CT for detection of bone metastases [28]. In a recent

prospective study, the potential value of 18F-choline was compared with 18F-fluoride PET/

CT for the detection of bony metastases from prostate cancer [29••]. The sensitivity,

specificity, and accuracy of PET/CT in the detection of bone metastases were 81%, 93%,

and 86% for 18F-fluoride, and 74%, 99%, and 85% for 18F-choline, respectively.

MRI

An accurate and noninvasive imaging method of determining the location, extent, and

biological potential of prostate cancer could improve patient outcome and prognosis by

directing therapy more accurately. Current therapies such as radical prostatectomy and

radiotherapy usually treat the whole gland; however, by depicting the exact location of the

cancer and its margins, therapies may ultimately be targeted to the cancer by imaging, thus

sparing the patient unwanted treatment side effects such as incontinence or impotence. With

the advent of PSA screening, prostate cancer is increasingly detected while still confined to

the prostate gland. Effective therapy depends on accurate localization and staging of prostate

cancer. In the case of surgery, accurate localization and staging permit sparing of unaffected

neurovascular bundles with preservation of erectile function. In the case of radiation

therapy, accurate localization and staging permit adjustment of dose to boost the tumor and

minimize exposure to periprostatic tissues, thus reducing side effects. Accurate localization

of prostate cancer paves the way for innovative, minimally invasive therapies and it may be

possible to reduce the number of men undergoing biopsy or to improve the diagnostic yield

of prostate biopsies by including an imaging method in the diagnostic workup [30]. Despite

considerable advances in technology, prostate cancer cannot be reliably detected by current

conventional imaging modalities such as TRUS and CT [31, 32]. However, MRI at high

field strength may provide improved detection of localized disease and more accurate local

staging, which may enable focal therapy in the near future.

MRI in Prostate Cancer

MRI provides the best 3D anatomic imaging of the prostate among all the imaging

modalities because of its high spatial resolution, multiplanar capabilities, and excellent soft

tissue contrast, making it an attractive imaging modality for the prostate gland. The majority

of the experience with prostate MRI was obtained at 1.5 Tesla (T) with the combined use of

a phased array surface coil and an endorectal coil. Higher field strength magnets (eg, 3 T),

with the same combination of coils or with only the phased array surface coil, improve the

signal-to-noise ratio (SNR), resulting in higher resolution images with better spatial and

spectral differentiation. Conventional prostate MRI depends on two basic sequences, T1-

and T2-weighted (T1W, T2W) MRI. On T1W MRI, the prostate gland usually demonstrates

diffuse intermediate signal intensity, hence zonal anatomy and tumors cannot be delineated.

However, T1W MRI is mainly used to detect the presence of biopsy-related residual

hemorrhage, which appears as a hyperintense focus relative to normal prostate peripheral

zone. T2W MRI can demonstrate the zonal anatomy clearly. Normally, the peripheral zone

(PZ) is high in signal on T2W images, whereas the transition zone (TZ) is generally lower in
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signal with considerable heterogeneity. The TZ is separated from the PZ by a “surgical

pseudocapsule,” which is ill defined, whereas the true surgical capsule appears as a distinct

hypointense rim surrounding the PZ. The neurovascular bundles are located at the

posterolateral aspect of the true capsule on axial T2W MRI and can demonstrate both high

and low signal intensity foci. The seminal vesicles appear as thin-walled hyperintense

structures on T2W MRI. On T2W MRI, PZ cancers are usually rounded or ill-defined, low

signal intensity foci; however, this pattern can be mimicked by various conditions such as

prostatitis, hemorrhage, atrophy, benign hyperplasia, biopsy-related scars, and posttreatment

(eg, hormone, ablation) changes (Fig. 3). Cancers of the TZ are often more difficult to detect

because the signal characteristics of the normal TZ overlap with those of tumor, and the

characteristics of a TZ tumor can be defined as homogenous, low signal intensity lesion with

spiculated margins without a capsule, and invasion of the pseudocapsule, with lenticular,

urethral, and anterior fibromuscular invasion [33] (Fig. 4). Detection of extracapsular

extension (ECE) is quite important for preoperative staging because its presence upstages

the patient to T3a and alters the treatment to a more aggressive approach. On T2W MRI,

ECE usually appears as a direct extension of the tumor into the hyperintense periprostatic fat

tissue, but frank ECE may not be seen in all situations; under those circumstances, the

secondary findings should be evaluated, 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 can be directly visualized as the extension of tumor from the base of the

prostate and the presence of focal low signal intensity within the normally hyperintense

seminal vesicles (Fig. 3). T2W MRI alone is reported to have a range of sensitivities of 27%

to 100% and specificities of 32% to 99%, whereas the sensitivity and specificity range for

local staging and predicting the presence of extracapsular extension is 14.4% to 100% and

67% to 100%, respectively [34–45••]. The wide range of sensitivities and specificities is due

to the significant variability of the patient populations, as well as differences in the gold

standard (biopsy vs surgery) and the level of diagnostic and technical expertise in different

studies.

Diffusion-Weighted MRI

Diffusion-weighted MRI (DW-MRI) is used to generate apparent diffusion coefficient

(ADC) maps that rely on the measurement of water diffusion within a tissue. Normal, well-

structured glandular prostate tissue tends to allow diffusion of free water molecules due to

its acinar glandular configuration, whereas tumors, with their densely packed cells, abundant

stroma, and diminished extracellular spaces, tend to have restricted water diffusion, which

results in preserved signal within tumors compared with normal tissue on diffusion-weighted

images and a drop in signal on ADC maps [46] (Fig. 5). DW-MRI is a time-efficient MR

imaging technique and does not require exogenous contrast media. Moreover, it has the

capability of revealing prostate cancer not only in the PZ but also in the TZ. DW-MRI

demonstrates a wide range of sensitivities and specificities in the literature (57–93.3% and

57–100%, respectively) for tumor detection, depending on the technology used, field

strength, imaging parameters, patient selection, and validation method [47–53]. Currently,

DW-MRI has a low signal-to-noise ratio (SNR), but the emergence of high field strength

magnets, the widespread use of endorectal coils, and parallel imaging approaches will yield

better SNR, and therefore, improved spatial/temporal resolution for DW-MRI.

MR Spectroscopy

MR spectroscopy (MRS) is a technique that generates metabolite spectra based on the

differing proton resonance frequencies of a limited number of metabolites such as choline,

creatine and citrate. Normal prostate tissue is rich in citrate and has relatively low choline

and creatine levels while this pattern is reversed in cancers. Owing to the changes in the
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metabolite levels within prostate cancer lesions, the ratio of choline to citrate (cho/cit) can

be used as an index for detecting malignancy [54, 55] (Fig. 5). During MRS, signal from

lipid and water must be suppressed in order to focus on the signals coming from the key

metabolites choline, citrate and creatine which resonate respectively at 3.2, 2.6 and 3.0 parts

per million with respect to water. Currently, the majority of the experience with prostate

MRS is at 1.5 T; however 3 T or higher field magnets may have several advantages.

Increased field strength with its higher SNR, enables faster acquisitions, smaller voxels, and

more-accurate separation of metabolite peaks (e.g. better separation of creatine and choline

peaks).

Dynamic Contrast-Enhanced MRI

Dynamic contrast-enhanced MRI (DCE-MRI) has been used as a biomarker for the

diagnosis and follow-up in various tumor types, including prostate cancer. It provides

quantitative kinetic parameters reflecting the permeability and flow characteristics of the

vessels within a lesion. DCE-MRI is performed with fast MR imaging sequences (mostly

gradient-recalled echo) before, during, and after the rapid administration of a low-molecular-

weight contrast agent. Enhancement curves generated from DCE-MRI are mathematically fit

to a two compartment pharmacokinetic model such as the Toft’s model. Tumors show early

intense enhancement compared with normal tissue. Moreover, tumors more rapidly de-

enhance or washout than do normal tissue. The Toft’s model, which attempts to

mathematically fit the T1 versus time curve, produces parameters, such as Ktrans

(transendothelial transport of contrast medium from vascular compartment to the tumor

interstitium), kep (reverse transport parameter of contrast medium back to the vascular

space), fpV (plasma volume fraction compared with whole tissue volume), and Ve

(extravascular, extracellular volume fraction of the tumor [the fraction of tumor volume

occupied by EES]), for describing tumor and tissue permeability [56]. Higher-grade tumors

tend to have higher Ktrans and kep parameters compared with normal surrounding prostate

tissue (Fig. 5). Abnormal enhancement patterns are seen in both tumor foci and BPH

nodules, making assessment of the central gland difficult [57]. However, it is important to

note that smaller and low-grade tumors often do not demonstrate abnormal enhancement on

DCE-MRI [58]. For the detection of tumors, DCE-MRI alone has a sensitivity and

specificity range of 46% to 96% and 74% to 96%, respectively; however, as always, these

ranges are highly dependent on patient selection, technique, and diagnostic criteria [47, 59••,

60–62].

Conclusions

PET/CT in oncology is emerging as an important imaging tool. The most common tracer for

PET/CT imaging, 18F-FDG, is not very effective in the detection of localized prostate

cancer. These tumors have a relatively slow metabolic rate, and the tracer does not

accumulate in the prostate. 18F-FDG PET/CT does, however, become more useful in

patients with androgen-independent tumors. PET tracers, such as 18F-choline, 11C-choline,

or 11C-acetate, have a much higher detection rate for prostate cancer. The clinical role of

choline and acetate in detection of malignancy in the prostate gland, and preoperative N-

staging remains to be evaluated further in larger prospective clinical trials. However, both

tracers may be useful for detection of distant metastases, and for detection of recurrence,

both locally and in distant organs, after initial treatment. 18F-fluoride is a recently

rediscovered agent that is useful for detecting bone metastases with greater sensitivity

than 99mTc-MDP and offers the possibility of more reliable quantitation. 18F-choline PET/

CT also detects malignant skeletal involvement. Currently, new PET tracers are being

evaluated both in preclinical and clinical studies, and several of these imaging agents are

demonstrating promising results.

Bouchelouche et al. Page 8

Curr Urol Rep. Author manuscript; available in PMC 2012 July 29.

N
IH

-P
A

 A
u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t



MRI of the prostate provides a multiparametric view of anatomy and physiology. T1- and

T2-weighted MRI provide unsurpassed anatomic resolution, especially at higher field

strength and with the use of endorectal coils. DW-MRI provides insight into water diffusion

with the prostate, which in turn, reflects cellularity and aggressiveness. MRS provides

metabolic maps of prostate tissue, providing insight into biochemical disruption in cancers.

DCE-MRI provides a map of tumor blood flow and permeability to low-molecular-weight

contrast agents; tumors are associated with neoangiogenic vessels that enhance and washout

early compared with normal tissue. Additionally, MRI can provide an overview of the

retroperitoneum for lymphadenopathy, bone metastases, and coexistent tumors that could

influence patient management. In short, MRI is a highly flexible modality. Despite these

advantages, MRI often misses small tumors, and its ability to characterize tumor

aggressiveness is not always accurate. For this reason, the results of MRI need to be

complemented with other modalities such as PET scans, and most specifically, with image-

guided tissue biopsy.
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Fig. 1.
Preoperative 18F-choline PET/CT staging of a 63-year-old man with prostate cancer. Axial-

fused PET/CT images demonstrate pathological 18F-choline uptake in the prostate (a), in

three pelvic lymph nodes (b), and in bones (c). CT computed tomography; PET positron

emission tomography
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Fig. 2.
11C-acetate PET (a) and PET/CT (b) images of a 58-year-old man with prostate cancer

demonstrate pathological uptake in the right mid peripheral zone (arrows) consistent with a

Gleason 7 prostate cancer lesion. CT computed tomography; PET positron emission

tomography
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Fig. 3.
Axial and sagittal T2-weighted MR images of a 58-year-old man with prostate cancer

demonstrate a big peripheral zone tumor (white arrows), which obliterates the right

rectoprostatic angle suggesting extracapsular extension (a) and extends superiorly and

invading seminal vesicles (arrow) (b). T Tesla
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Fig. 4.
Axial T2-weighted MR image of a 65-year-old man with prostate cancer shows a lenticular

shaped, low-intermediate signal intensity lesion with irregular speculated margins in the left

mid transition zone consistent with a left anterior transition zone cancer of the prostate

(white arrows). T Tesla
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Fig. 5.
A 61-year-old man with prostate cancer. Axial T2W MR image demonstrates bilateral low

signal intensity lesions at the peripheral zone (arrows) (a); lesions demonstrate diffusion

restriction on corresponding apparent diffusion coefficient map of DW-MRI (arrows) (b);

MR spectroscopy demonstrates increased choline-to-citrate ratio within bilateral peripheral

zone lesions (c); lesions show increased enhancement on axial T1W DCE-MR image,

whereas color-coded Ktrans and kep maps delineate both tumor lesions (arrows) (d). DCE-

MRI dynamic contrast-enhanced MRI; DW-MRI diffusion-weighted MRI; T Tesla
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