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Abstract
It is now universally recognized that many prostate cancers are over-diagnosed and over-treated.
The European Randomized Study of Screening for Prostate Cancer (ERSPC) from 2009 evidenced
that, to save one man from death of prostate cancer, over 1,400 men had to be screened, and 48
had to undergo treatment. Detection of prostate cancer is traditionally based upon digital rectal
examination (DRE) and measuring serum prostate specific antigen (PSA), followed by ultrasound
guided biopsy. The primary role of imaging for the detection and diagnosis of prostate cancer has
been transrectal ultrasound (TRUS) guidance during biopsy. MRI has traditionally been used
primarily for staging disease in men with biopsy proven cancer. It is has a well-established role in
detecting T3 disease, planning radiation therapy, especially 3D conformal or intensity modulated
external beam radiation therapy (IMRT), and planning and guiding interstitial seed implant or
brachytherapy. New advances have now established prostate MRI can accurately characterize
focal lesions within the gland, an ability that has led to new opportunities for improved cancer
detection and guidance for biopsy. There are two new approaches to prostate biopsy are under
investigation both use pre-biopsy MRI to define potential targets for sampling and then the biopsy
is performed either with direct real-time MR guidance (in-bore) or MR fusion/registration with
TRUS images (out-of-bore). In-bore or out-of-bore MRI-guided prostate biopsies have the
advantage of using the MR target definition for accurate localization and sampling of targets or
suspicious lesions. The out-of-bore method uses combined MRI/TRUS with fusion software that
provided target localization and increases the sampling accuracy for TRUS-guided biopsies by
integrating prostate MRI information with TRUS. Newer parameters for each imaging modality
such as sonoelastography or shear wave elastography (SWE), contrast enhanced US (CEUS) and
MRI-elastography, show promise to further enrich data sets.

Introduction
Prostate Cancer is a major public health issue that presents many challenges, it is the most
frequent cancer in male patients in the developed world (1). Despite its very high incidence,
however, only a small (2-4%) number of men will die from the disease. A desired but
elusive goal is still the ability to prospectively identify the lethal cancers in a given
population of men. Much effort is now devoted to this critical need, especially with
increasing recognition of prostate cancer's over-diagnosis and over-treatment.

A current debate in medicine is focused on the merit of measuring the serum prostate
specific antigen (PSA) for prostate cancer screening (2). The introduction of serum PSA
testing, in the so-called “PSA era” led to a significant increase in the incidence of the disease
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and has been blamed for contributing to the over-diagnosis situation; while a positive PSA
test signals an increased risk for prostate cancer, its low specificity and the associated risk
for unnecessary intervention such as biopsy and ultimately prostatectomies result in a classic
screening dilemma. A new milestone was recently reached in 2012 with the assignment of a
“d” grade to the test by the US Preventive Screening Task Force (USPSTF); it is now
predicted that this will lead to the end of the “PSA era” (3,4). It remains to be seen if this
will cause a reduction in overall diagnosis and morbidity. New strategies are called for to
identify men with clinically significant disease who should have prostate biopsy and
treatment.

Transrectal ultrasound (TRUS)-guided biopsies sampling 6-12 cores, 1-2 for each sextant,
has been the diagnostic standard for prostate cancer for many years. This systematic
approach has provided a simple, relatively easy, urology office-based test. The ultrasound
images provide excellent guidance to the physician as to the gland size and boundaries but
limited information regarding internal glandular tissue and little or no detail on focal lesions.
The prostate tissue samples are obtained in a directed way via a needle aimed through the
rectum to optimize the ability to sample the peripheral zone. Many areas, particularly the
anterior gland, frequently are not sampled during TRUS biopsy. The method also has a
possible risk of post-biopsy infection (rates 4-10%), and suffers from an inability to detect
and diagnose clinically significant cancers (5-7).

Prostate MRI is now recognized as the most useful and accurate modality to detect,
characterize and stage prostate cancer. Through combining different MRI-based techniques
(T1-weighted [T1W], T2-weighted [T2W], diffusion-weighted imaging [DWI] and dynamic
contrast enhanced imaging, [DCE]) it has become an increasingly utilized tool for prostate
cancer diagnosis and staging. Now most centers performing prostate MRI use the
multiparametric (mpMRI) approach (8,9).

Other biomarkers are under development and in testing for the clinical detection of prostate
cancer, such as the urine test for PCA3 (10,11). Once we have a clear understanding of these
technologies, assessment of their role relative to prostate MRI, may be warranted in order to
provide clinically meaningful care for prostate cancer patients.

MR-based detection of prostate cancer
The major advance in prostate MR has been the acceptance and now widespread practice of
combining multiple MR parameters for an overall anatomical and functional assessment of
the prostate gland tissues. The multiparametric prostate MRI (mpMRI) exam is generally
performed as a combination of T1-weighted imaging, T2-weighted imaging, diffusion
weighted imaging, and dynamic contrast enhanced imaging (Table 1) (12). Some centers
will include MR spectroscopy (MRSI), which can be very useful in adding a metabolic
assessment (13-15), though it is not currently listed as a requirement for prostate exams in a
recent European consensus paper on prostate MRI methodology (16). MpMRI with either
1.5 or 3.0 Tesla magnets and with or without endorectal coil is now the preferred and
recommended approach to all men presenting for prostate imaging. The use of an endorectal
coil is optional and a subject of some debate (17,18). In recent years it has been shown that
prostate MR imaging at 3T is feasible with sufficient image quality, even without using an
endorectal coil (19,20). The recent European consensus does not list the use of endorectal as
an essential requirement of MpMRI (16). However, endorectal coils do add to the available
signal-to-noise ratio, which can be applied to gain higher spatial detail and contrast (21).

Despite its versatile capabilities, MRI is not as widely available or as easy to apply to
prostate imaging, as ultrasound. Issues of cost, access, technical requirements and
radiologists’ acceptance and understanding of the procedure are continuing challenges. The
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mpMRI exam can be complex to interpret and requires new skills for many radiologists that
are not yet standardized (17). Educational efforts are available through a variety of societies,
meetings, webinars etc. and there are regular courses on the subject at national and
international radiological meetings to assist novice radiologists and technologists technically
and interpretatively to learn and apply mpMRI in their clinical practices. Further attempts to
standardize prostate MRI and MRI-targeted biopsy reporting have recently been published
and aim to improve the quality of the reports, especially in collaboration with the referring
disciplines (16,17,22). The ultimate goal of this classification is to allow meaningful
discrimination between suspicious and/or high grade lesions, which need further workup
with biopsy and those “benign-appearing” lesions which not need to be biopsied and can be
observed with PSA monitoring.

MRI protocol for prostate MR
The examination is performed as an outpatient procedure and will typically take 40-50
minutes. The endorectal coil is usually placed after a digital rectal examination (DRE) and
application of xylocaine gel. Localizer imaging with a large field of view in three planes is
recommended, which can also be used to confirm correct placement of the endorectal coil, if
applicable. It will also provide the technologist with important landmarks for successful
application of total coverage of the gland, as required. The geometry of the acquired
sequences should be as similar as possible, with respect to angulation and slice thickness and
location, in order to allow cross-sequence comparisons, which are particularly important for
the T1W and T2W sequences, as these two sequences need to be compared side by side on
the initial phase of interpretations to detect and localize any residual blood remaining after
the prostate biopsy.

T1W imaging can be performed as fast spin echo (FSE/TSE) imaging or using 2D gradient-
echo sequences (GRE). As the intraglandular T1 contrast is low, T1W imaging is used to
diagnose intraprostatic bleeding, a common finding after prior biopsies. Hemorrhage
appears hyperintense on T1W images and hypointense on T2W images, thus regions of
hemorrhage need to be identified to exclude false positives in T2W imaging. Recent
publications correctly point out the importance of reviewing the so-called “hemorrhage
exclusion” or “halo sign”, which is defined as a well-defined area of hypointensity within a
region of hyperintensity on T1W images (23,24). It is speculated that this may be due to
reduced bleeding in cancerous prostatic tissue from diminished citrate concentration in
comparison to healthy prostatic tissue. Additionally, the T1W images are very useful in
combination with other sequences for assessment of T3 disease; they allow for clear
delineation of the prostate capsule and the region of the neurovascular bundles (NVB). All
prostate MRI protocols should include a T1W nodal survey to the level of the kidneys to
exclude regional lymph node involvement. Abnormal nodes are detected on the basis of
size-enlarged nodes of 6-10 mm.

T2W imaging is almost exclusively performed as fast spin echo sequences, in three
orthogonal orientations (axial, sagittal and coronal). The subglandular regions, such as the
peripheral zone (PZ), the transitional zone (TZ) and the central zone (CZ), are usually well
defined. Suspicious T2W lesions are hypointense regions, sometimes with a “erased
charcoal or chalk-smear” appearance, depicting the ill-defined borders of such lesions
(Figure 1, Figure 2). Importantly, extracapsular involvement of the NVB or the seminal
vesicles can be assessed in T2W imaging, complementing the findings on T1W sequences
(Figure 3, Figure 4). Post external beam radiation changes can lead to an overall reduction of
T2 signal in the prostate, which needs to be taken into account when assessing post-radiation
therapy recurrence in T2W-imaging (Figure 5).
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DWI depicts the diffusivity of water molecules within the tissue that is decreased in the
densely packed cellular structures of prostate carcinomas; it is the most recent addition to
the prostate MRI sequence set and regarded by many as the most exciting and most essential
sequence along with T2W. DWI is generally performed with echo-planar-imaging (EPI),
which has important consequences for susceptibility artifacts. Especially when using
endorectal coils, the susceptibility differences between the air filled balloon and prostatic
tissue can lead to pronounced distortion artifacts, which some groups overcome by filling
the balloon with barium sulfate or perfluorocarbon (25-27). This process is slightly more
time-consuming than air inflation and, perhaps for that reason, not widely used (28). The
type of diffusivity depicted in DWI can be controlled through the b-value of the sequence,
effectively sensitizing the sequence to slower or faster moving water molecules. The current
recommendations are that this sequence be obtained with at least two b-values, one low and
one high (>800 sec/mm2). At our institution DWI is acquired at b=500 and b=1400 sec/
mm2, to our experience the higher b-value depicts any suspicious areas in the PZ very
consistently (29). Although less pronounced with higher b-values, any native DWI has some
amount of T2 contrast component (T2-shine-through) that can be reduced through
calculating quantitative apparent diffusion coefficient maps (ADC-maps) (12). While
hyperintense areas in DWI (without T2-shine through) are suspicious for cancer, in ADC
maps these regions are hypointense, reflecting the diminished diffusion capacity. Recent
evidence points to a correlation between higher Gleason grade and lower diffusivity (low
ADC) in prostate cancer (30). Such a finding may in the future allow non-invasive
assessment of histologic cancer grade (13,31,32). In general, at this time, an ADC below 1 ×
10−3 mm2/s is regarded as suspicious for cancer (13,31-33) (Figure 1, Figure 2, Figure 3,
Figure 4, Figure 5, Figure 6).

Dynamic contrast enhanced imaging can be performed as 3D-spoiled-gradient-echo (3D-
SPGR) sequences. Protocols imaging 3D-volumes every 6-8s for around 5 minutes with an
intermediate FoV provide a reasonable compromise between spatial and temporal resolution.
On a typical PACS workstation the enhancement can be detected by direct inspection,
comparison with the pre-contrast images, cine mode display and calculation of a subtraction
set of images. While assessing the raw DCE imaging can be challenging, several post-
processing and quantitative analysis techniques have been employed in prostate DCE that
allow for a more detailed assessment of focal lesions. Thereby often the shape of the
contrast enhancement curve is evaluated. This can be accomplished by distinguishing
between the three classic enhancement curves (type 1: steady enhancement, usually benign,
type 2: plateau of signal intensity, suspicious of malignancy, type 3: washout of signal
intensity, strong suspicion of malignancy) (17,34). The shape of these enhancement curves
is also analyzed when deriving the so called “empirical” pharmacokinetic maps from raw
DCE imaging, where semi-quantitative descriptors are calculated on a per voxel basis.
Frequently used empirical measures are: time to contrast peak (time-to-peak, TTP),
maximum slope of the contrast enhancement curve (maximum slope, MaxSlope), area under
the contrast enhancement curve (area-under-the-curve, AUC). Prostate cancer is
characterized by a short TTP, high MaxSlope and a high AUC-value on the respective
parameter maps. In contrast to these measures, which, due to their semi-quantitative nature,
are not easily comparable, quantitative measures have been developed. These parameters are
calculated based on pharmacokinetic models, numerically assessing the contrast agent
distribution in the tissue. Several of these models are used clinically with the Toft's model
being one of the most common (35). Typical parameters calculated in pkMaps include
Ktrans, the forward volume transfer constant, expressing the amount of contrast agent
transferred from between the blood plasma and the interstitial space and ve, the fractional
volume of interstitial space per volume. As a result of increased perfusion, Ktrans is elevated
in prostate cancer, as a consequence of high cellular density, ve is reduced (Figure 1, Figure
2). The data acquisition is complex, and baseline pre-contrast imaging is critical once
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validated T1 mapping methods have been assessed (36). Commercial software products are
available that can process the raw DCE data and display the pharmacokinetic parameter
maps and results on a workstation. When considering these products it is important to
understand how the data is analyzed and displayed. One issue is the selection of threshold
for color displays in terms of what cut points to use and how to validate them.

Prostate Imaging Challenges
The typical patient populations presenting for prostate MRI are men either with confirmed
or suspicion for prostate cancer. In the first group, the role of the exam is to stage the tumor
for treatment planning, in case of patients on active surveillance (AS) to assess eligibility for
or continuation in the AS protocol, or for patients who have already received treatment to
monitor response to treatment. In the group of patients with no histologically confirmed
prostate cancer, the goal is to detect and characterize all focal lesions for possible targeted
biopsy. The focus in these patients is almost 100% on intra-glandular disease.

Prostate MR imaging of men without a prior cancer diagnosis is increasingly being used to
define the presence or absence of intra-glandular suspicious lesions; it is an approach that is
being promoted by a number of centers worldwide as a guide to biopsy (37-40) (Figure 7).
Prospective trials should be used to determine if MR can be used to either replace the DRE
and measurement of serum PSA approach or to supplement them prior to a biopsy.
Diagnostic Prostate MRI and MRI guided biopsies are still in an early stage of scientific
evidence. Most of the studies performed today evaluate end-points like cancer upgrading,
detection rates of high-grade cancers in comparison to TRUS biopsies. Another aspect,
which has not yet been evaluated long-term, is the potential for standardization of prostate
MRI reports and classification of prostate MRI findings (16). Some early work has begun
and more will follow. As always, attention should be paid to MR histological correlation, as
the localization of suspicious prostatic lesions needs to be mapped against the imaging
findings and due to the often multilocular and heterogeneous nature of the cancer mis-
mapping of locations can be an issue. Different approaches have been developed to register
histological localizations to radiological findings, common are: dividing the organ into
reidentifiable sectors, cutting the prostate specimens consistent with image geometry, or
radiology-histology computed co-registration (41-45). These methods offer good solutions
and may be applied to avoid confounding correlations of tumor imaging with pathology
results.

There are several imaging trials under way which will yield important information on the
value of MR in detecting clinically significant disease: one prospective trial of template
saturation core biopsy vs. mpMRI read prospectively will be important in determining the
future of template based saturation biopsy approaches. The other important development
will be the validation of ESUR PIRADS and the adoption by the international working
group in collaboration with American College of Radiology (ACR).

Prostate Image Guided Interventions and Intervention Planning
MR guided interventions are now performed at many centers worldwide (17,37,38,40,46).
The technique is used for controlling and guiding thermal ablations in different diseases,
ranging from cryoablation to MR guided focused ultrasound (47-49). At the Brigham and
Women's Hospital, Boston (BWH) we pioneered several of these approaches to MR-guided
prostate interventions (50). We established a MR-guided prostate brachytherapy program in
1997 and a transperineal MR guided biopsy (MRGB) program in 1999 (51-53). These two
programs were performed using the open 0.5T Signa SP (GE healthcare, Milwaukee, USA).
This open bore design allowed for easy access to the prostate via transperineal approach.
Registration techniques from 3D-Slicer (www.slicer.org) were used to display pre-procedure

Penzkofer and Tempany-Afdhal Page 5

NMR Biomed. Author manuscript; available in PMC 2015 January 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.slicer.org


MR information combined with real-time gradient echo images and to control and guide the
procedures. In 2010 we transitioned this program to 3.0T and use the wide bore (70cm)
Siemens Verio device to continue our transperineal “in bore biopsy” MR guided program.
The 3T wide bore magnet allows for relatively easy access to the prostate using a
transperineal template approach. In the 15 years of the program, these procedures were
successfully performed in over 1,000 men.

Using 3D Slicer we are able to perform on-line registration of pre biopsy data to intra-
procedural image data. This enriches the information to the radiologist and with further
rapid MR imaging we can track carefully the needle tip to the target. This was very helpful
in guiding the placement of brachytherapy I125 seeds, for implantation. The sub-total gland
implantation was innovative approach and worked very well in low risk patients (54). One
appealing aspect was the ability to implant any gland regardless of volume, without pubic
arch interference. We continue to build on this experience with our on-going 3T biopsy
program and in planning new focal therapy programs.

In general MRGB is either an “in-bore” or “out of bore” biopsy. The in bore approaches are
exclusively MR based, using pre-biopsy MR to define the targets, real time MR to guide and
control with image confirmation all steps of the procedure. The out of bore approaches use
ultrasound to guide and control the procedure. The MR image-data is brought into the
procedure either by image registration or “fusion” techniques or without them in the so-
called “cognitive” biopsy. Clearly there are differences in technique and approach, but
fundamentally the pre-procedure MR is critical for defining the target(s) and as described
earlier this is should be done using mpMRI techniques. We will review the in bore approach
and describe several of the out of bore approaches in the TRUS section below.

At BWH we are performing a prospective clinical trial of MRGB. All patients are selected
based upon a clinical need - they have a rising PSA, prior negative TRUS biopsies, and
suspicious lesion/targets on mpMRI, may have had prior treatment and suspected recurrence
on mpMRI or are being evaluated for inclusion or continuation of active surveillance. A
smaller group consists of men who have had prior rectal surgery which precluded TRUS
access. This clinical research program is focused on several aims with an important one
being the ability of mpMRI to detect significant cancers. This is a clinical research trial that
involves pre-biopsy imaging as discussed above. All of the above mentioned diagnostic
sequences (T2W, DWI, DCE, and PK-maps) are reviewed by three radiologists
independently. Suspicious lesions are identified and marked. For each sequence and lesion,
the confidence level is recorded along with each lesion on a 1-5 scale (1: definitely benign,
2: probably benign, 3: indeterminate, 4: probably malignant, 5: definitely malignant). Of all
suspicious targets, a consolidated list of biopsy targets is compiled, and a biopsy plan
created. During the biopsy, an intensity-based registration is performed to map the
preprocedural MRI to the interventional coordinate system and to correct for prostate motion
in cases of patient or organ movement as apparent on needle confirmations scans (55). A Z-
Frame-based registration method is used to determine a template-based needle track using
the open-source quantitative imaging platform 3D Slicer (www.slicer.org) (55-57) (Figure
7). Our results to date (58) have shown that this approach is very reliable, relatively easy and
the targeted approach has high yield with more positive lesions coming from ADC and
pharmacokinetic parameter positive sites.

Transrectal Ultrasound (TRUS) and TRUS-guided biopsies
TRUS was introduced in the mid 1970's by Watanabe et al and has since been routinely used
in pelvic imaging (59). Native TRUS allows for the depiction of the anatomy and volume of
the prostate without in-depth insight into the prostate's fine structure (Figure 8). Sensitivity
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and specificity for the detection of prostate cancer are poor (60-63). Another drawback is the
high operator dependence of the ultrasound-based method in terms of interpretation and
repeatability of the exam.

Many, but not all, prostate cancers manifest as hypoechoic lesions in native TRUS in the
peripheral zone, but with as much as 40% isoechogenic PZ lesions, 5% hyperechogenic
lesions and prostatitis and prostatic intraepithelial neoplasias also manifesting as
hypoechogenic lesions. Therefore, the accuracy and sensitivity of TRUS for diagnosing
prostate cancer are limited (60-63). The detection rates for TRUS as imaging modality are
calculated to be around 11-35% (64,65). Hence, TRUS is not employed as a routine
modality for targeted prostate biopsy but rather as guidance for systematic biopsies.

This is also reflected when using TRUS as a modality to guide prostate biopsies: Up to 30%
of cancer missed when performing sextant biopsies (66), the method has been extended to
10-12 cores or as many as 45 cores for saturation biopsies with samples still being taken in a
stochastic rather than a targeted manner (67). While taking more cores seems to improve the
per patient detection rate of prostate cancer, the vastly invasive approach of placing up to 45
needles needs to be carefully taken into account.

Problems with current TRUS prostate biopsy
Screening for prostate cancer is a controversial issue. Typical approaches have been to use a
combination of DRE and PSA. Abnormalities in either test usually prompt a TRUS-guided
prostate biopsy. The role of ultrasound in this setting is typically to guide the physician to
the sites for biopsy by outlining the gland itself and allowing for systematic sampling by
cognitive sub-division into sextant, octants or 12 symmetric locations. The advantages of
this ultrasound-based technique are the relatively simple, user-friendly and inexpensive way
the examination can be performed. The disadvantage is that this sampling approach is
essentially “blind” to any local tissue characteristics. In contrast to all other image-based
cancer diagnoses (such as breast biopsy), sampling in prostate cancer using ultrasound is not
targeted.

Elastography and enhanced Ultrasound techniques
Exploiting the mechanical properties, e.g. elevated stiffness resulting from higher cell and
vessel density, of cancer tissue, ultrasound and MRI-based elastography are being used to
assess the stiffness of tissue much like palpation and percussion of tissue. To take advantage
of these distinctions for detection and diagnosis, ultrasound-based real-time elastography
(called sonoelastography or RTE) is performed through manual compression of the tissue. A
number of studies have been conducted for RTE. In a recent study with 139 patients,
superior in per core cancer detection rates of targeted RTE biopsy over randomized
ultrasound guided biopsy was shown (68), with the effect discernible in both patients
undergoing repeat biopsy as well as patients with no previous biopsy. More than threefold of
the cancers were detected by randomized biopsy compared to RTE only, suggesting an
additional role of RTE-targeted biopsy rather than a replacement for the randomized
approach. Another study evaluated RTE in a cohort of 109 patients with known prostate
cancer before prostatectomy (69). In the whole-mount correlated setting, sensitivity and
specificity values of 75.4% and 76.6% were established. While the study is certainly a
hallmark for RTE-based prostate cancer diagnosis, the overall impact of the results remains
unclear due to the selection bias for prostatectomy candidates. In another large cohort of 230
patients (70), a study showed superiority for RTE in malignant core percentage, even though
a number of cancers were also detected by systematic biopsy and still other cancers were
detected by systematic biopsies alone. The largest cohort to date was evaluated by Brock et
al (71) who randomly assigned 353 patients with clinical suspicion for prostate cancer to
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either grayscale TRUS-guided or RTE guided-biopsy, mainataing a 10-core systematic
biopsy scheme. The RTE group had a significantly higher cancer detection rate (51.1% vs.
39.4%), although the authors state that the overall sensitivity remained low. MRI
elastography relies on a defined mechanical excitation pattern applied through electronic
actuators to determine tissue stiffness. In the case of prostate elastography this is achieved
transurethrally(72), transrectally(73) or transperineally(74). However, all published studies
are evaluating the technique at most centers in small sets of volunteers. So far, no clinical
data is available for the technique (72-78).

Shear wave elastography is a further development of sonoelastography. Unlike the
conventional approach where the operator needs to apply pressure to the tissue, here the
ultrasound probe emits acoustic impulses that generate a defined shear wave that allows for
quantitative evaluation of the tissue. Through this defined approach, SWE is deemed less
operator dependent than previously mentioned forms of ultrasound. Early applications of
this technique have been published in an ex-vivo setting, characterizing prostate cancer
nodules (79), in an initial study in 53 patients for whom high sensitivity and specificity
values were established (80). As in many of the new prostate imaging techniques, still larger
patient cohorts need to be investigated.

The use of Doppler ultrasound has been studied by a number of groups as has, recently, the
application of contrast-enhanced ultrasound for diagnosis of prostate cancer and the
guidance of prostate biopsies (81,82). The rationale behind this approach is to employ
imaging of tumor neovascularization as visualized by Doppler ultrasound for the detection
of prostate cancer. Studies have shown an advantage of power Doppler ultrasound over
color Doppler ultrasound (82), but still a wide range of diagnostic accuracy has been shown
for Doppler ultrasound-based studies. Another potential application stems from studies
showing a correlation between anomalies on Doppler ultrasound and higher Gleason grades
of the tumors (83,84).

Histoscanning™ is an ultrasound-based technique, challenging the position of other cross-
sectional prostate imaging modalities, especially prostate MRI (85,86). According to the
information available, it applies a set of classification algorithms to the raw ultrasound
radiofrequency data provided by a clinical ultrasound system. Based on these algorithms,
regions suspicious for malignancies are marked on the ultrasound images to indicate the
volume of the suspicious lesion. As there is only one vendor for the technique and a detailed
description of the algorithms is not available, it remains a black box for much in-depth
scientific evaluation. 3D reconstructions can be rendered within the system, promising easy
visualization of the cancer burden and possibilities for nerve-sparing surgery. So far, a large
patient cohort has not been studied. Published results concern between 14 and 80 patients
(85-88); all studies have been conducted on subjects with known prostate cancer in advance
of a radical prostatectomy. Currently five studies involving Histoscanning are listed on
clinicaltrials.gov, four of which are actively recruiting (as of November 2012). From a
radiologist's perspective Histoscanning™ is a tool for urologists. Radiologists are involved
in any related prostate MRI work. However in light of the low evidence for the performance
of Histoscanning, its clinical relevance remains unclear for the moment.

MR-US-Fusion Systems
As in-bore interventions require MR scanners, thus valuable device time, they are associated
with a higher organizational overhead due to the magnetic field hazards, MRI-guided
prostate biopsy can be both time-consuming and expensive (38,89). It does however offer
the only method which can image the target and the biopsy needle, within it, prior to
sampling, thus the only true image targeted biopsy. A proposed solution for this dilemma is
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the “out-of-bore” approach with fusion or registration of preprocedural prostate MRI
imaging data to TRUS-guided biopsies that would combine the detection capabilities of
MRI with the comparably easy setup of TRUS.

In a review by Moore et al (90) which analyzed reports on 16 distinct patient populations,
this approach is not only deemed more accurate than untargeted (systematic) TRUS prostate
biopsy, but also appears to reduce the diagnosis of insignificant cancer. At the same time,
the targeted approach needs fewer total biopsies in the studies investigated.

The most straightforward approach for TRUS/MRI-guided biopsies is cognitive fusion
where TRUS biopsies are performed knowing the localization of MRI-suspicious lesions
derived from periprocedural MRI imaging. No specialized equipment is required other than
a MRI scanner and a conventional TRUS biopsy device (89,90). Despite the fact that
cognitive fusion seems to improve biopsy protocols, more sophisticated devices have been
developed for MRI/TRUS fusion that use different ways of registering the intraprocedural
ultrasound coordinates to the MRI coordinates. The two most frequently used methods are
real-time MRI/ultrasound registration or electromagnetically tracked ultrasound probes that
relate the two coordinate systems after an initial registration step. Singh et al (91) showed in
a pilot study the feasibility and accuracy of MRI/TRUS-guided biopsies based on
electromagnetic navigation and superimposed MRI/TRUS images. From the same group a
more recent report was published applying MRI/TRUS electromagnetically guided prostate
biopsy in a cohort of 195 men with previous negative biopsies. The system was directly
compared to 12-core TRUS biopsy and MRI/TRUS fusion was able to identify more high
grade cancers (21 vs. 11 men) and led to upgrading in a number of cases compared to US
guidance (92)

Currently, a number of commercial MRI/TRUS fusion devices are available, including:
Urostation, Koelis Promap MR and Promap 2L (Koelis, Grenoble, France), the Eigen
Artemis ProFuse Bx system (Artemis; Eigen, Grass Valley, CA, USA), BiopSee™
(MedCom, Darmstadt, Germany), Hitachi RVS (Hitachi, Japan) (93), Invivo Uronav
(Philips Medical, Best, The Netherlands), and the BioJet System (GeoScan, Lakewood
Ranch, FL, USA).

Pinto et al studied a group of 101 patients of three different risk categories derived from
imaging aspects (low, moderate, high) on a EMT/TRUS/MRI system developed with Philips
(94). The system allowed for free hand manipulation of the TRUS probe and applied
electromagnetic navigation to localize the current US imaging field-of-view within the MR
dataset. All patients received 12-core standard systematic and MRI/TRUS fused prostate
biopsies in the same setting. Cancer was detected in 27.9%, 66.7%, and 89.5% of the cases
for the low, intermediate and high risk group, respectively. In this setting MRI/TRUS
fusion-guided prostate biopsies detected more cancer per core than the standard 12 core
approach (20.6% vs. 11.7%). Although this result is encouraging, and might lead to a lower
number of biopsies performed with fused systems, on a per patient basis, of 55 patients in
which prostate cancer was detected, 35 patients received a diagnosis from both systems,
with 10 from TRUS alone and 10 from the MRI/TRUS combination.

The Artemis Eigen Device has been studied by Sonn et al in a group of 171 patients (6).
While on a per core basis the authors concluded that TRUS/MRI biopsy is three times as
likely to yield cancer diagnoses (21% of performed targeted biopsies vs. 7% of systematic
biopsies), on a per patient basis, many cancers were detected by systematic biopsy alone (84
total positive diagnoses, 38 by both methods, 15 by MRI/TRUS alone, 31 by systematic
TRUS-guided biopsy alone). Thus, the combination of systematic with TRUS-guided biopsy
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seems to be key in detecting more cancers. As it can be performed in an office setting, the
authors concluded that this method allows for a more efficient prostate cancer diagnosis.

The Urostation system was studied by Ukimura et al in a phantom setting (95), establishing
a target error of 2-3 mm for different types of lesions. So far no patient study is published
using this system.

A study performed by Kuru et al, using the commercially available BiopSee™ system in 50
consecutive patients, had a cancer detection rate of 54% (27 patients). The patients were
further divided into subgroups and analyzed. In patients with highly suspicious lesions on
prostate MRI in 100% of the cases a histological confirmation was achieved, whereas in
patients with no prior prostate biopsy, the detection rate was 68%. As with many other
studies a high per-core rate of positive biopsy results was achieved (53%). The authors
compared these results with systematic TRUS-guided biopsies performed at the same
session when only 7% of the cores were positive. These systematic biopsies had, however,
been performed in areas of the prostate which appeared normal on prostatic MRI, potentially
biasing this comparison. Further extending this study, results were published by Hadaschik
et al (96) for a group of 106 patients with a detection rate of 59.4% overall and 95.8% in
patients with high clinical suspicion for prostate cancer, confirming the results of the prior
study.

While the Biojet system from GeoScan received FDA and EU CE approval in 2012, as of
November 2012, no published clinical experience is available.

In all abovementioned approaches, MRI/MRI and TRUS/MRI fusion, accurate registration
of imaging from different time-points is crucial for successfully performing procedures
(51,55,56,97-100). Deformation and substantial mobility of the organ need a spatial
correction to match preprocedural to intraprocedural imaging. Motion correction can be
especially complicated when endorectal coils are used pre-procedurally but not during the
procedure (21,55,101). Most of the various techniques developed are using non-rigid
registration to correct biopsy target locations (55,102).

CT and PET/CT
Computed tomography has a role in staging advanced prostate cancer, especially bone
metastases, and pelvic lymph node spread. Although it is a major workhorse for nearly all
malignancies, it has its limitations when it comes to prostate cancer imaging (66); despite
many advances that have been made with respect to CT resolution, speed and contrast-
enhanced CT scanning protocols, including CT perfusion, no clinical role has been
identified in the detection primary prostate due to insufficient spatial and contrast resolution
for the prostate (103,104). Similarly PET/CT is used for detecting prostate cancer spread or
local/distant recurrence after treatment (similarly to prostate MRI, Figure 6), but so far no
sufficient detection capability has been identified for primary prostate cancer diagnosis. 18F-
Flurodesoxyglucose (FDG) was the first radiotracer studied, although limited sensitivity for
challenged by PET-negative primary and metastatic prostate cancer lesions for 18F-FDG, the
search for more suitable tracers began (105,106). Other tracers have been developed
specifically for utilization in prostate cancer, such as 18-fluorodihydrotestosterone (18F-
FDHT), 11C-acetate, 11C-methionine, and choline derivates such as 11C-choline or 18F-
choline. With the latter two being the most promising candidates, larger clinical trials
assessing the benefit of PET/CT based therapy decisions or the comparison to MRI based
techniques such as DWI and DCE are still awaited (105).
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Conclusion
Multi-parametric MRI with T2W, Diffusion (DWI) and dynamic contrast enhanced (DCE)
sequences is now the established approach to prostate MRI. This technique allows for
improved detection, characterization and staging of focal prostate cancer. Transrectal
ultrasound guided biopsy is still the most frequently used guidance modality for diagnosing
prostate cancer, although the procedure is performed in a systematic way, without direct
visualization of suspicious lesions. On the other hand, MRI is currently the most widespread
technique to detect prostate cancer noninvasively and is being increasingly used to guide
targeted prostate biopsies. Several new approaches to directly visualize prostate cancer with
ultrasound using elastography or sophisticated post-processing or using the information
from prostate MRI during ultrasound employing fusion technologies, are currently under
development in order to improve prostate cancer biopsy accuracy and yield.
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Figure 1.
66 year old man, who had prior brachytherapy, with now reelevated PSA. Prostate MRI at
3.0T with endorectal coil (a: T2W, b: ADC500, c: ADC1400, d: Subtraction, e: MaxSlope,
f: TTP, g: AUC, h: Ktrans, i: ve) shows abnormal focus of tumor in the right anterior
midgland (arrows). The pharmacokinetic analyses show the typical pattern for prostate
carcinoma (e-i, color coded from low:blue to high:red, MaxSlope: high, TTP: low, AUC:
high, Ktrans: high and ve: low, pharmacokinetic analyses performed using Oncoquant, GE
Healthcare).
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Figure 2.
65 year old man with elevated PSA. The multiparametric MRI (a: T2W, b: DCE subtraction,
c: ADC500, d: MaxSlope, e: TTP, f: AUC) shows a suspicious lesion in the left peripheral
zone (arrows) with a suspicious contrast enhancement pattern (b) and restricted diffusion (c).
Pharmacokinetic analyses (d-e, color coded from low:blue to high:red) show a high value
for maximum slope (d) and area under the curve (e), and a short value for time-to-peak in
the suspicious area. Histologic examination after prostate biopsy resulted in a Gleason
3+4=7 prostate cancer in the left peripheral zone.
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Figure 3.
63 year old man with biopsy proven prostate cancer. The multiparametric MRI (a: axial
T2W, b: DCE subtraction, c: ADC1400) shows extracapsular extension into the right
neurovascular bundle (arrow) as indicated by focal capsular bulging (a), contrast uptake (b)
and restricted diffusion (c).
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Figure 4.
Multiparametric prostate MRI (a: axial T2W, b: sagittal T2W, c: DCE subtraction, d: ADC
map (b=500)) of a 60 year old patient with biopsy-proven prostate cancer (Gleason 4+3=7)
and rapidly rising PSA. The MRI shows signal abnormalities in the medial part of the
seminal vesicle suggestive for seminal vesicle invasion (arrows).
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Figure 5.
61 year old patient after external beam radiation and hormonal therapy with recent PSA re-
elevation. Multiparametric MRI (a: T2W, b: DCE subtraction, c: ADCb1400) shows a
suspicious lesion in left peripheral zone (arrows). A MRI guided prostate biopsy (d: axial
T2W, e: 3D Slicer coronal reformat) was performed targeting the suspicious area (arrows:
needle position in left peripheral zone).
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Figure 6.
54 year old man with Gleason 4+4=8 prostate cancer, who underwent prostatectomy 6 years
ago, now presenting with reelevated PSA. The multiparametric MRI (a: axial T2W, b:
coronal T2W, c: DCE subtraction, d: ADCb1400) reveals a right side lesion with focal soft
tissue enlargement (a+b), contrast enhancement (c), and diffusion restriction (d) in the
surgical bed, suggestive of local recurrence (arrows).
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Figure 7.
MRI guided, transperineal prostate biopsy (Siemens Verio 3.0T, Open Bore [70cm],
Siemens Healthcare, Erlangen, Germany): (a) biopsy plan derived from preprocedural
multiparametric MRI in a multi-reader setting visualized in 3D Slicer (www.slicer.org), a
target is seen on the right peripheral zone and (b) sampled in an in-bore setting using a
template based approach.
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Figure 8.
TRUS ultrasound in a 71 year old with bilateral prostate cancer. While the prostate borders
are clearly visible and some intraprostatic structure is seen, no suspicious lesions were
identified.
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Table 1

Example Prostate MRI protocol at 3.0 Tesla (FSE: fast spin echo, SPGR: spoiled gradient echo, EPI: single
shot echo planar imaging, DCE: dynamic contrast enhanced, DWI: diffusion weighted imaging, TR: repetition
time, TE: echo time, FoV: field of view, Gd: Gadolinium-enhanced)

T2W (3-plane) Axial T1W Axial DWI Axial 3D DCE Axial T1 post-Gd Axial T1 (large FoV)

Sequence FSE SPGR EPI SPGR SPGR SPGR

TR 3500 385 2500 3.6 385 225

TE 102 6.2 65.7 1.3 6.2 3.3

Flip Angle 90 65 15 65 75

FoV 16 16 18*10.8 26 16 35-40

Slice 3 3 3 5 3 5

Thickness

Spacing 0 0 0 0 0 1

Matrix 384×224 384×192 128×96 256×160×20 384×192 256×160

Remarks b-values: 0, 500, 1400 sec/
mm2
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