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Abstract

Objective—The purpose of this article is to review the multiparametric magnetic resonance
imaging (mMRI) of the prostate and MR-guided prostate biopsy, and their role in the evaluation
and management of men with low-risk prostate cancer.

Methods—We performed a literature review based on the MEDLINE database search for
publications on the role of mMRI (a) in detection and localization of prostate cancer, prediction of
tumor aggressiveness and progression and (b) in guiding targeted prostate biopsy.

Results—The mMRI, particularly diffusion-weighted imaging with T2-weighted imaging, is a
useful tool for tumor localization in low-risk prostate cancer as it can detect lesions that are more
likely missed on extended biopsy schemes and can identify clinically significant disease requiring
definitive treatment. The MR-guided biopsy of the most suspicious lesions enables more accurate
and safer approach to guide enrollment into the active surveillance program. However, the MR-
guided biopsy is complex. The fusion of MRI data with transrectal ultrasound for the purpose of
biopsy provides a more feasible technique with documented accurate sampling.

Conclusion—Although the mMRI is not routinely used for risk stratification and prognostic
assessment in prostate cancer, it can provide valuable information to guide management of men
with low-risk disease. Incorporation of mMRI into the workup and monitoring of patients with
low-risk prostate cancer can help discriminate clinically significant disease from indolent disease.
Targeted biopsy of MR-suspicious lesions enables accurate sampling of potentially aggressive
tumors that may affect outcomes.
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1. Introduction

As a consequence of widespread use of prostate-specific antigen (PSA) for prostate cancer
screening, high-risk prostate cancers that are amenable to curative therapy are diagnosed
earlier. However, at the same time, widespread screening is also associated with false-
positive results and detection and overtreatment of low-risk disease. Active surveillance
(AS) of prostate cancer is a viable option for the management of low-risk disease. This
approach not only reduces the risk of overtreatment of indolent disease, but also appears to
provide similar disease-free outcomes when compared with immediate treatment [1]. The
most widely used criteria for categorization of low-risk disease are pathologic features
described as (1) Gleason < 6 without any Gleason pattern 4 or 5, (2) organ-confined disease,
and (3) tumor volume <0.5 cm?3 [2,3].

Although Gleason 6 has been reported to be associated with disease progression after radical
prostatectomy, reassessment of prostatectomy specimens revealed undergrading,
understaging, and uncertain staging (intraprostatic incision), or grading (presence of tertiary
pattern 4) in a setting of disease progression following radical prostatectomy. With precise
histologic evaluation, the risk of disease progression after surgery in men with low-risk
disease is very low (0.4%) [4].

There are wide variations in pathologic biopsy parameters used for inclusion into AS
programs. However, the rate of unfavorable disease is still high and even with strictest
criteria and use of 20 plus core biopsy protocol, 20% of patients are misclassified as having
a low-risk disease [5].

Few nomograms have been reported to discriminate low-risk disease from clinically
significant disease. The most predictive model was suggested by Chun et al. with 90%
predictive accuracy of low-risk disease detection [6]. The earliest nomogram was developed
by Kattan and colleagues [7]. Recently, they have incorporated imaging findings, from the
magnetic resonance imaging and spectroscopy (MRI/MRSI) to the Kattan nomogram and
have validated the new models. The area under the curve (AUC) increased from 0.558 to
0.741 in a base model and from 0.707 to 0.762 in another model incorporating percent of
positive biopsy cores [8].

MRI has emerged as a promising tool for the evaluation of the prostate because with its high
soft tissue contrast, it allows morphologic assessment of the gland, and with its capabilities
to evaluate molecular and physiologic parameters of tissues, it aids in detection of
metabolic, diffusion, and perfusion abnormalities associated with cancer.

Reclassification of disease in patients undergoing AS mainly occurs 1 to 2 years after the
diagnosis, which is primarily owing to undersampling of the more aggressive tumor rather
than progression of indolent tumor [9,10]. These sampling errors result from the lack of
access to the more aggressive lesions located anteriorly in the transition zone (TZ) or blind
biopsy of lesions even with systematic extended biopsy schemes. Therefore, the introduction
of MR-targeted biopsy allowed a more accurate sampling of the most suspicious lesions
detected on imaging.
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In this article, we review the multiparametric MRI (mMRI) of the prostate and MR-guided
prostate biopsy, and their role in the evaluation and management of men with low-risk
prostate cancer.

2. Overview of mMRI of the prostate

2.1. Morphologic MR imaging

The morphologic imaging with T2-weighted imaging (T2W]1) gives a picture of the zonal
anatomy of the prostate. The peripheral zone (PZ) tumors are typically detected as low
signal intensity lesions on the high signal intensity background of normal tissue on T2WI.
However, T2WI alone is neither sensitive (47.8%—88.2%) nor specific (44.3%—-81%) for
prostate cancer detection and should be interpreted in combination with other functional MR
parameters [11]. For instance, there are some benign conditions, such as hemorrhage,
prostatitis, scarring, atrophy, and effects of radiation therapy, cryotherapy, or hormonal
therapy, that can mimic tumors on T2WI alone. The T1-weighted imaging (T1W1) does not
show details of the prostate anatomy; however, it is sensitive in detection of postbiopsy
hemorrhage and is also used to define extrapro-static anatomy, such as neurovascular
bundles, lymph node enlargement, and bone lesions [12].

2.2. Diffusion-weighted imaging (DWI)

DWI as one of the functional MR parameters examines the water molecule diffusivity,
which is inversely related to the density of the cellular microenvironment. Cancers typically
exhibit restricted diffusion owing to the high cellular density and extracellular
disorganization and appear hyperintense on DWI and hypointense on the corresponding
Apparent Diffusion Coefficient (ADC) map [13]. The ADC parameter is a quantitative
biomarker for diffusion representing the net displacement of water molecules (expressed in
mm?/s). DWI along with T2WI improves specificity for prostate cancer detection in PZ and
is particularly useful to differentiate the abnormalities owing to postbiopsy hemorrhage and
benign prostatic hyperplasia (BPH) in the TZ from tumor and to detect tumor invasion to
adjacent organs (bladder and seminal vesicle) [14]. It has been shown that TZ tumors show
lower ADC values compared with BPH nodules and normal tissue [15]. Furthermore, the
ADC value is higher in glandular-ductal tissues (glandular BPH) compared with stromal
ductal tissues (stromal BPH and central gland) [16].

Ren et al. [17] have shown a significant difference in ADC values for the normal TZ, PZ,
prostate cyst, BPH nodules, and prostate cancer (P < 0.001); with the prostate cyst having
the highest ADC value, whereas the cancer foci having the lowest ADC value.

2.3. Dynamic contrast-enhanced (DCE) MRI

DCE-MRI examines the dynamic distribution of the intravenously administered contrast
agent between the tissue and blood pool and determines the changes in the tumor
microvasculature evoked by tumor angiogenesis. Alterations in tumor vessels include higher
permeability, vascular size heterogeneity, and disorganized branching pattern [12].
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Prostate cancer tissue exhibits a particular enhancement pattern characterized by faster and
more intense tumor enhancement and earlier contrast agent washout compared with the
normal prostate tissue [18]. In addition, DCE offers some valuable information with
prognostic implication. Studies suggest a worse prognosis of disease when the number of
abnormal vessels in the tumor increases [19,20].

2.4. MR spectroscopic imaging (MRSI)

MRSI provides important information about the biochemical and metabolic environment of
the tissue and can detect alterations in the metabolic profile of tumor tissues [21].

Three metabolites, including choline, creatine, and citrate, are the prominent metabolites in
the MR spectrum of the prostate. The citrate level reflects the glandular composition of the
prostate. Thus, it is higher in the glandular BPH than the stromal-type BPH and normal PZ
[21]. The citrate level lowers in cancer, especially in poorly differentiated tissue, losing its
glandular properties. It is further reduced in the metastatic prostate cancer tissue [22].
However, the citrate level can also be decreased nonspecifically in prostatitis and postbiopsy
hemorrhage [12].

The choline level, a composite of the phospholipid cell membrane, is elevated in prostate
cancer owing to increased turnover of cell membrane during cell proliferation and higher
ratio of cell surface area and cell membrane to the cellular volume in tumor cells. The
elevation of the choline peak on MR spectrum of the prostate is a feature of prostate cancer;
however, it can also be elevated in benign conditions such as prostatitis [12].

The MR spectroscopic profile of prostate cancer tissue is recognized by increased choline to
citrate ratio or the (choline + creatine) to citrate ratio. MRSI has shown the potential for
noninvasive assessment of tumor aggressiveness [23]. In addition to diagnostic yield of
MRSI in combination with other parameters, it can also be useful for determination of
response to neoadjuvant hormone therapy [24].

2.5. Endorectal coil

The application of endorectal coil remains controversial. When imaging at 3.0-T magnetic
field strength, sufficient signal-to-noise ratio is achieved to permit a high-quality diagnostic
prostate MRI without the use of endorectal coil, with comparable resultsto MRl at 1.5 T
with endorectal coil [25]. However, spatial resolution is increased with the use of endorectal
coil improving the sensitivity of MRI even at 3.0 T. Recommendations from the European
consensus imply that a 16-channel pelvic-phased array (PPA) coil is the minimum
requirement, whereas the combination of PPA with endorectal coil is optimal for prostate
MRI providing excellent signal-to-noise ratio and clear anatomical definition of tumor
borders and relationship to the capsule [26].

Previous studies emphasized the improved performance of MRI using endorectal coil for
localization and staging of prostate cancer [27]. Two recent studies employed the endorectal
coil at 3.0 T for prostate cancer characterization and detection of CSD in patients with low-
risk disease for enrollment or follow-up in AS programs [28,29].
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3. Tumor localization in low-risk disease

Early studies showed that the addition of functional imaging parameters improves the
sensitivity of tumor detection. However, those early studies mostly used low-strength field
scanners with a limited specificity [30].

A combination of T2WI, DWI, and DCE-MRI was reported as the best protocol for imaging
of unilateral low-risk PZ cancer with sensitivity and specificity of 85% and 83%,
respectively. Although the combination of T2WI and DWI is the best imaging protocol for
detection of TZ tumors in unilateral low-risk disease with sensitivity and specificity of 88%
and 86%, respectively [31]. However, Doo et al. [32] found that the addition of DWI to
T2WI did not improve the detection of low-risk tumors (Gleason 6). This is contrary to the
beneficial role of DWI combined with T2WI for detection of intermediate- and high-risk
diseases (Gleason =2 7).

4. Prediction of tumor laterality

Hemiablative focal therapy is a potential treatment method for patients with unilateral
clinically significant disease (CSD). Matsuoka et al. assessed the performance of DWI and
extended combined transperineal and transrectal ultrasound (TRUS)-guided biopsy to detect
unilateral CSD or any indolent disease. They demonstrated that DWI, biopsy, and the
combination of the 2 can effectively rule out the presence of any cancer (either indolent or
CSD) in 22.1%, 27.8%, and 43.5%, respectively, and rule out the presence of CSD in
68.4%, 72.2%, and 95.7% of lobes, respectively. Thus, they argue that a combined DWI and
extended prostate biopsy can safely select candidates for hemiablative therapy [33].

Targeted focal therapy is also being investigated for targeting index lesions with
consideration of the active surveillance of untreated areas harboring indolent and clinically
insignificant disease [34].

Delongchamps et al. [31] reported that a portion of men with unilateral low-risk disease
(34%) are upstaged or have bilateral disease on histologic examination of prostatectomy
specimen. Of whom, 80% were detected by preoperative mMRI.

In another study on patients with low-to-moderate risk disease, the combination of T2WI
and DWI detected bilateral disease with a sensitivity of 84.1% and specificity of 72% with
the prostatectomy as the standard and showed significantly better performance than
extended biopsy [35].

5. Detection of anterior/TZ prostate cancer

The anterior prostate cancers (APC), comprising approximately 21% of all types of prostate
cancer, are anatomically located in anteromedial and inferior portions of TZ or the anterior
horns of PZ or both [36].

These tumors are not only nonpalpable with rectal examination but also hard to detect with
TRUS biopsy [37]. Moreover, TZ-directed needle biopsy does not detect the dominant TZ
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lesion in approximately 80% of cases. Thus, screening needle biopsy from TZ is not a
reliable method for detection of APC [38].

Furthermore, anterior prostate is the primary location of dominant nodules greater than 1
cm3 in prostatectomy specimen of patients requiring curative treatment. This was evident
from the review of prostatectomy specimen of the first 10 years of inception of the AS
program at our institution. Of the 48 dominant tumors, 10 tumors were greater than 1 cm?3
and all were located anteriorly. However, most prostate cancers are located in the PZ
posterior aspect of the prostate. The tendency of localization of large tumors in the anterior
prostate highlights the need for more precise investigation of this region during the
surveillance and targeted biopsy of suspicious anterior lesions [9]. Also, a subset of TZ
carcinoma is associated with significant risk of extraprostatic and aggressive disease [39].

Adequate sampling of anterior aspect of the prostate still remains challenging. Prior study
showed that more sets of biopsies are often required to detect anterior tumors through
standard transrectal sextant biopsy and the summated tumor length in the biopsy specimen is
less than the amount of tumor from equivalent size posterior tumors [40].

The combined biopsy using transperineal and transrectal approach increases the overall
detection rate by 7.2% and 8.5% when compared with each method alone, respectively [41].

Given that the percentage involvement of tumor-positive biopsy cores is an inclusion
criterion for AS program, it is crucial to accurately sample all the suspicious lesions of the
prostate.

Early study using conventional MRI at 1.5 T for detection of TZ tumors showed the
sensitivity and specificity of 42% to 52% and 79% to 88%, respectively [42].

Akin et al. [43] employed the following imaging features of TZ tumors; homogenously low
T2 signal intensity, illdefined margins, lack of capsule, lenticular shape, and invasion of
anterior fibromuscular stroma (AFMS) to detect TZ tumors using T2WI at 1.5 T with a
sensitivity and specificity of 75% to 80% and 78% to 87%, respectively.

It is difficult to distinguish TZ tumors from stromal hyperplasia, infarction, and prostatitis
by using only T2W1. Therefore, a combination of T2WI and functional parameters is
required for more accurate detection and localization of TZ tumors.

Lemaitre et al. [44] reported a median signal-intensity enhancement of 187% and an
enhancement rate of 3.87%/ sec on DCE-MRI with good correlation between DCE-MRI and
prostatectomy specimen for the largest surface area (r2 = 0.73) and tumor volume (r2 =
0.69). Tumors involving AFMS were detected by performing additional targeted biopsies
based on detection of MR-suspicious lesions.

A new term ‘prostatic evasive anterior tumor syndrome’ (PEATS) was coined to represent a
subset of anterior-predominant prostate tumor with worrisome clinical features that are
missed with traditional diagnostic tools [39]. The mMRI (T2WI, DWI, and DCE-MRI)
could reclassify 12 of 14 patients in AS cohort. Radical prostatectomy was performed in 7
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AS patients with the specimen Gleason 3+ 4in 4,4 +3in 1, and 8/9 in 2 patients. The
diagnostic yield of MRI for detection of anterior tumors was high with a positive predictive
value of 87%. It was also evident that MRI can direct biopsy to anterior prostate with high
degree of accuracy, and these tumors were more aggressive than expected [45]. Contrary to
this study, Al-Ahmadie et al. [46] found similar pathologic outcome of anterior tumors
originating from both TZ and anterior PZ.

Although mMRI is not recommended for routine disease monitoring in patients in AS based
on the latest guideline by the National Comprehensive Cancer Network, it can be considered
to exclude anterior cancer if PSA level rises and systematic prostate biopsy is negative [47].

In addition, MR-guided biopsy and fusion MR-TRUS—guided biopsy of suspicious lesions
detected on MRI are promising approaches for more accurate sampling of the most
suspicious lesions [48,49].

6. Prediction of prognostic outcome

Endorectal MRI has been shown to be useful for prediction of prognosis of intermediate-
and high-risk diseases. It appears that radiologic distinction of T3 vs. T2 disease is
predictive of a significantly worse biochemical outcome in patients with intermediate- and
high-risk prostate cancers [50].

The predictive value of mMMRI for prognostic outcome of low-risk patients eligible for AS
has not been widely studied. Tumor inapparency at imaging is part of definition of stage T1
disease. Cabrera et al. studied the significance of radiologic distinction of T2 vs. T1 disease
in prognostic outcome of AS patients. Tumor apparency on MRI and MRSI on 1.5-T
scanners was not a prognostic factor for biochemical outcome. It was noteworthy that the
baseline PSA level and Gleason score were not prognostic factors either for biochemical
outcome in this cohort [51].

In another study, Guzzo et al. [52] examined the relationship between tumor identification
on T2WI and adverse pathologic outcome in a group of patients who underwent radical
prostatectomy but met the qualification criteria of AS. They reported that discrete tumor
identification on endorectal MRI was not associated with adverse pathologic findings such
as tumor volume, extracapsular extension, Gleason upgrading, seminal vesicle invasion, or
positive surgical margin rate.

Missing the high-grade tumors on needle biopsy and misclassification of patients in AS
program is a worrisome issue that provokes anxiety for both the patient and physician.
Despite of stringent criteria, there are 16% to 42% of cases with low-risk disease on initial
biopsy that are misclassified as AS eligible and have unfavorable pathologic features on
prostatectomy specimen [53]. Furthermore, there is a significant number of patients who
show upgraded or upstaged disease at repeat (confirmatory) biopsy [54].

Vargas et al. [55] investigated the performance of endorectal MRI to predict findings on
confirmatory biopsy in AS patients. Disease was upgraded in 79 of 388 (20%) patients on
confirmatory biopsy. They analyzed MR images and scored lesions on a 5-point scoring
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system (1—definitely no tumor to 5—definitely tumor). The MRI score of 5 was highly
predictive of disease upgrading on confirmatory biopsy (sensitivity 0.87-0.98). On the
contrary, MRI scores of 2 or less showed a high negative predictive value (0.96-1.0) and
specificity (0.95-1.0) for disease upgrading on confirmatory biopsy. It appeared that adding
the endorectal MRI to initial clinical evaluation can be useful for more accurate assessment
of eligibility of patients for AS program.

In another study by Margel et al. [56], the risk of reclassification among AS patients based
on confirmatory biopsy and the PSA density was significantly higher among men with
lesions larger than 1 cm detected on mMRI. Anatomical location of suspicious lesions on
MRI was in agreement with confirmatory biopsy for 92% of lesions and more than half of
them were located in the anterior TZ. On the contrary, the risk of reclassification on repeat
biopsy is extremely low (3.5%) in patients with no suspicious lesion on MRI [56].

7. Tumor grading

In a study by Tamada et al. [57], ADC values in PZ tumors are in significant negative
correlation with tumor Gleason score (r = 0.497). Similarly, Doo et al. [32] reported that the
mean ADC value of tumors with Gleason 7 or higher (779.4 x 10 mm?/s) is significantly
lower than that of low-grade tumors with Gleason 6 (874.6 x 108 mm2/s). Another study
documented a significant negative correlation between the ADC values and cellular density
(r =-0.50); cancer tissues with lower ADC values have higher cell density. The primary
Gleason grade (the most common pattern of cancer cells in the lesion) was in moderate but
not statistically significant negative correlation with ADC (r = -0.335) [58].

Recently, the suspicion of cancer on T2WI1 and DW!I1 has been reported in association with
adverse pathology outcome in patients undergoing radical prostatectomy. It was
demonstrated that patients with no suspicious findings on T2WI and DWI had decreased risk
of Gleason =7 or stage = pT3 disease among patients eligible for AS who underwent radical
prostatectomy [59].

Quantitative parameters of DCE-MRI have not been shown to correlate with the tumor grade
or vascular endothelial growth factor (VEGF) expression as a molecular marker of
angiogenesis. However, the contrast agent back-flow rate constant (kep) (washout) parameter
was positively correlated with mean blood vessel count and mean vessel area fraction
parameters estimated from prostate cancer [60].

Computer-aided diagnosis (CAD) provides quantitative values for mMRI parameters. A
recent study showed the role of combining the 10th percentile ADC, average ADC, and T2-
weighted skewness of MR-suspicious lesion for differentiation of malignant from normal
prostate tissue. Authors reported a moderate correlation of ADC and vascular permeability
(Ktrans) values with Gleason score. The DCE parameter (K@) was derived from the high
temporal resolution imaging (rapid postcontrast imaging series) [61].

The diagnostic performance of MRSI is improved with higher Gleason tumors. In a study by
Zakian et al. [62], MRSI had higher sensitivity of 89.5% for detection of tumors with
Gleason 8 or above compared with the sensitivity of 44.4% for detection of low-grade
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tumors (Gleason 6). In addition, there was a trend for the correlation of metabolic ratio with
tumor grade. It appeared that mean (Cho + Cr) to Cit ratio of tumor is able to discriminate
low-grade tumors (Gleason 6) from higher-grade tumors that are not eligible for AS.

8. Targeted prostate biopsy

The accurate and adequate prostate sampling is crucial for determination of both patient
eligibility for AS and disease monitoring. The importance of immediate repeat biopsy was
evident in a study from Memorial Sloan-Kettering Cancer Center. In this study, repeat
targeted biopsy in 3 months of initial biopsy session revealed upstaging and upgrading in
27% of patients eligible for AS. Authors recommended the immediate repeat biopsy for
discrimination of best candidates of AS [54].

There is higher rate of prostate cancer detection by using saturation biopsy (24 cores) in
patients with negative standard biopsy but persistent elevated PSA level [63]. However,
there is no significant difference between transrectal and transperineal approaches regarding
cancer detection after prior negative biopsy [64]. Transperineal ultrasound-guided template
saturation biopsy has also been examined as a sampling method in patients with at least 2
previous negative TRUS biopsy. In the study by Mabjeesh et al. [65], prostate cancer was
detected in 26% of patients, and high-grade tumors (Gleason = 7) were identified in 46% of
the diagnosed patients. Most of the tumors (83.3%) were located in the anterior zones of the
gland indicating the high yield of transperineal approach to detect high-grade tumors and
offer the need for curative treatment after several negative TRUS biopsy sessions.

The early study on the diagnostic yield of MRI-guided transrectal biopsy did not reveal
promising results. Singh et al. [66] found that DCE-MRI—directed biopsy could not
significantly improve the cancer detection rate compared with the repeat TRUS biopsy in
patients with more than 1 previous negative biopsy and persistent elevated PSA level.

Although the mMRI can detect a considerable number of lesions that can be subsequently
sampled by targeted biopsy, the performance to detect tumors differs based on the criteria
used to define targets on mMRI. Vargas et al. [67] investigated the performance of
combination of T2WI and MRSI to detect tumors in patients with clinically low-risk prostate
cancer who underwent prostatectomy. The sensitivity to detect Gleason 6 and > 7 tumors
was 0.52 to 0.69 and 0.77 to 0.88, respectively. As far as size classification is concerned, the
sensitivity to detect tumors larger than 0.5 cm?3 but smaller than 1 cm3 was 0.64 to 0.77.

Hambrock et al. [48] reported the improved diagnostic yield of multiparametric (T2WI,
DWI, and DCE) MR-guided transrectal biopsy (MR-GB) in patients with increased PSA
level and 2 or more prior negative TRUS biopsies. Cancer detection rate was 59% in this
cohort, which was significantly higher than the matched TRUS biopsy population (22% and
15% at second and third TRUS biopsy sessions, respectively). MR-GB exhibited an
improved cancer detection rate in all PSA subgroups, and for prostate volume and PSA
density. However, the superior result was not statistically significant in patients with PSA
level greater than 20 ng/ml, large prostates (>65 cc), and PSA density less than 0.15 and
greater than 0.5 ng/ml/cc. Furthermore, most of the patients (93%) with tumor detected on
MR-GB harbored CSD, and only 3 of 40 diagnosed patients were eligible for AS. This study
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revealed the beneficial role of MR-GB to detect CSD, which requires active treatment [48].
The subsequent report from this group revealed that the majority of detected cancers (87%)
were clinically significant. Only 9 of 156 men with negative MRGB were diagnosed with
prostate cancer at 5-month follow-up, of whom, 7 patients (78%) harbored CSD [68].

In another study, authors explored the performance of MR-GB directed to the most
restricted diffusion on DWI to detect the highest Gleason grade tumor in another cohort.
MR-GB could detect 18 of 22 (81.8%) tumors with highest Gleason 4 and 5. This
individual-based risk stratification could be employed for better evaluation of candidates for
AS and offer the need for curative treatment in patients with high-grade tumors [69].

Haffner et al. described a study where targeted biopsy of suspicious lesions on qualitative
DCE-MRI was shown to detect 16% more grade 4/5 tumors and better quantified the cancer
length in comparison with the systematic TRUS biopsy [70].

Recently, the performance of multiparametric (T2WI, DWI, and DCE) MR-guided
transperineal biopsy was compared with systematic transperineal template-guided prostate
biopsy in a group of patients with suspicious-lesion on mMRI without endorectal coil at 1.5
T or 3.0 T. Higher but not significantly different number of CSD was detected by systematic
template-guided biopsy (62% vs. 57%); however, systematic biopsy detected higher number
of insignificant disease (17% vs. 9.3%, P = 0.02). Authors concluded that MR-targeted
transperineal biopsy was a promising technique to detect CSD with a lower rate for
insignificant disease detection and a fewer number of cores [71].

Computer-simulation study revealed significantly better performance of transperineal MR-
targeted biopsy compared with 12-core TRUS biopsy for risk stratification of biopsy
specimens (74% vs. 24%). High-risk prostate biopsy criteria included maximum cancer-core
length (MCCL) of more than 6 mm and more than 50% positive cores. Targeted biopsies
were of higher MCCL and higher percentage of positive cores compared with systematic
TRUS biopsy [72].

Given the heterogeneous features of patients enrolled and different designs of these studies,
the comparison of techniques and interpretation of results are challenging and subject to
bias.

Despite the usefulness of MR-GB, it is limited by the cost, the time, and the need to be
performed in a real time inside the MR scanner. The time of MR-GB varies from 30 minutes
to 2 hours, typically lasting more than an hour [73]. The protocols differ in the need of local
anesthesia; procedures are done with the periprostatic block and may involve sedation or
even general anesthesia. Fig. 1 shows an example of transrectal MR-GB in a closed bore 3-T
magnet using the device engineered by Kriegel and colleagues [74]. Thus, the MR-TRUS
fusion approach to guidance during biopsy offers an attractive alternative to MR-GB (Fig. 2)
and different designs have been proposed for this technique.

Real-time Virtual Sonography (RVS) is a novel fusion imaging technology that fuses real-
time US images with cross-sectional images such as computed tomography (CT) or MRI
volume data and then displays them on the same monitor side by side [75]. This technology
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enables the clinician to visualize both registered cross-sectional images and real-time US
images on the same monitor and make the diagnostic and interventional procedures under
real-time US visualization of the target visible on MRI. Miyagawa et al. [75] have reported
the application of the RVS system for transperineal prostate biopsy in patients with at least 1
negative TRUS biopsy and increased PSA. Targeted biopsy revealed better diagnostic
performance (62/192 positive cores, 32%) compared with the random biopsy (75/833
positive cores, 9%). They concluded that this technique was cost effective and can be
performed in the clinical setting.

Researchers from the National Institutes of Health reported the application of an MR-TRUS
fusion system similar to RVS for transrectal prostate biopsy. In this study, mMRI (T2WI,
DWI, and DCE) was employed to detect the MR-suspicious lesions and subsequently target
the suspicious lesions during TRUS biopsy with electromagnetic tracking allowing the MR-
suspicious lesions visualization during the real-time TRUS. Similar to the previous studies,
MR-TRUS fusion-guided biopsy improved the cancer detection rate compared with that of a
standard TRUS biopsy. Further studies are needed to determine the role of this platform and
other fusion methods in the evaluation of potential candidates for AS and sampling of MR-
suspicious lesions [76].

The most recent results of the application of MR-TRUS fusion biopsy were reported in
another series of patients with at least 1 negative TRUS biopsy [77]. The use of fusion
biopsy system upgraded tumors detected on standard TRUS biopsies in 28 of 73 patients
(38.4%). On the contrary, systematic TRUS biopsy missed approximately half of the
patients with high-grade disease (52.3%) and thus imposed a risk of delayed active treatment
to men with high-grade disease. Furthermore, employing the PSAD threshold of 0.15 ng/ml
to decide whether to perform the biopsy could potentially prevent unnecessary biopsies in 94
of 195 men with no effect on cancer detection [77].

Sonn et al. [78] have recently investigated the performance of MR-TRUS fusion and a
mechanically assisted prostate biopsy device for targeted prostate biopsy. In this study, a
relatively large number of men on AS were examined with the annual prostate biopsy
protocol. Positive targeted cores had greater positive Gleason 7 or more results as compared
with systematic biopsy findings (36% vs. 24%, respectively). However, 11 of 29 men (38%)
with Gleason 7 or more cancer were only detected on targeted biopsy [78].

A novel streotactic perineal prostate biopsy system with MR-US fusion has also been
developed. Hadaschik et al. [79] investigated the feasibility and cancer detection using
targeted biopsy. Most of the highly suspicious lesions on mMMRI were tumor positive on
targeted biopsy.

Recently, Mouraviev et al. [80] employed mMRI for detection of suspicious lesions in
patients with increased PSA level and negative TRUS biopsy or patients with low-risk
disease managed with AS protocol using a novel fusion navigation system superimposing
MR-suspicious lesions to real-time TRUS for a targeted biopsy. The fusion MRTRUS-
guided biopsy significantly improved the tumor detection as compared with MR-suggested
TRUS-guided biopsy (46.2% vs. 33.3%, respectively). There was a similar percent of

Urol Oncol. Author manuscript; available in PMC 2014 April 18.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Dianat et al.

Page 12

missed cancers with fusion biopsy (30.7%) and MR-suggested TRUS biopsy (33.3%). None
of the missed cancers were CSD except for 1 patient with CSD in MR-suggested TRUS
biopsy group [80].

Results of a recent systematic review showed that targeted biopsy was a more efficient
technique than standard 12-core biopsy with improved cancer detection and fewer cores
taken from patients who had previous negative biopsy. In addition, targeted biopsy could
detect CSD in 10% of men who were otherwise considered to have clinically insignificant
disease [81]. As the evidence in the current literature is based on different populations
(biopsy naive patients vs. previously biopsied), different methods of intervention (for
imaging and biopsy), different reference standards, usually absent control groups, variable
definitions for suspicious lesions on mMRI, and variable definitions of CSD, the results
need to be interpreted with caution and further prospective paired cohort studies are needed
to establish the role of mMMRI in targeting lesions during prostate biopsy.

9. Conclusion

The mMRI, particularly DWI with T2WI, is a useful tool for tumor localization in low-risk
prostate cancer and can detect lesions that are more likely missed on extended biopsy
schemes. Although the mMRI is not routinely being used for risk stratification and
prediction of prognosis in prostate cancer, it may provide valuable information to predict
outcome of men with low-risk disease in AS programs. Incorporation of mMRI into the
workup and monitoring of patients with low-risk disease can help to discriminate CSD from
indolent disease. MR abnormalities elicited by prostatitis, biopsy scars, and BPH may mimic
the malignant features on mMRI and make the interpretation of examination challenging.
Also, mMRI may miss small cancer foci (especially <0.5 cm3) and sparse cancer. Targeted
biopsy of MR-suspicious lesions enables accurate sampling of potentially aggressive tumors
that may affect outcomes. Using the mMRI, a number of men with low-risk disease on
biopsy are identified to harbor high-grade disease in the anterior prostate that is not
adequately sampled by routine transrectal biopsy. Furthermore, some patients with unilateral
disease on extended biopsy are likely to have bilateral disease on mMRI and are not eligible
for focal therapy. Although, the performance of mMRI and MR-targeted biopsy requires
considerable experience and specialized equipments, there has been increasing utilization of
these techniques in recent years, with improved detection of clinically significant tumors as
well as with high specificity in excluding significant prostate cancer. These new imaging
and interventional techniques have a potential to guide management of patients considered
for and followed in AS programs and further prospective studies are needed to assess the
role and cost-effectiveness of applying mMRI in patients' workup.
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Fig. 1.
Transrectal MR-guided prostate biopsy in a closed bore 3-T magnet. Top left photograph

shows an MR-compatible transrectal biopsy device with the endorectal probe (arrow) and a
needle-positioning dial (arrowhead) that allows the needle to be directed to the target based
on input from the targeting software. Top right photograph shows patient in prone position
with the biopsy device placed in the rectum. Bottom left computer screen displays
coordinates that correspond to the selected target. The software provides the following
inputs: angle rotation of the probe, needle angulation, and needle depth. The dials of the
biopsy device are then adjusted manually by the operator who then performs the biopsy, as
is illustrated on the bottom right photograph. Note that having a patient in prone position in
the small scanner gantry is limited by body habitus and uncomfortable position, and
typically requires sedation.
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Fig. 2.
Multiparametric prostate MRI and MRI-TRUS fusion biopsy. A 76-year-old patient

managed in active surveillance for a small-volume Gleason 6 prostate cancer who had
persistently rising PSA level. mMRI was performed to identify clinically significant disease
that could explain PSA levels. Top row images illustrate mMRI (T2, DWI, DCE-MRI) of
the prostate at 3 T. T2-weighted image (top left) shows a confluent low-signal tumor in the
anterior transition zone (arrow). DWI—ADC map image (top middle) shows markedly
restricted (dark pixels) diffusion in the region of anterior TZ tumor (arrow). On DCEMRI
Krans map (top right), there is a large region (arrow) of abnormal perfusion (red)
corresponding to T2WI and ADC; findings are highly suspicious for prostate cancer. Bottom
row images were obtained during the MRI-TRUS fusion biopsy, where MR images were
imported to the ultrasound unit and subsequently were anatomically coregistered (fused)
with the real-time ultrasound images of the prostate. T2-weighted axial MR image of the
prostate (bottom middle) shows the anterior tumor in TZ (arrow). Bottom left, axial
ultrasound image of the prostate with color Doppler aligned anatomically with MRI shows
hypoechoic region in anterior TZ corresponding to MRI (arrow). Bottom right, axial
ultrasound image was captured during the biopsy, showing the needle in the anterior TZ
tumor, Gleason 6. Note that MRI-TRUS fusion biopsies are performed with patient in the
lateral decubitus position, in a similar fashion to the classic TRUS biopsy setup. This case
illustrates the application of mMMRI of the prostate for identification of suspicious target and
subsequent confirmation of imaging findings with MR-targeted TRUS prostate biopsy. This
approach allowed a diagnosis of clinically significant disease in a patient who was presumed
low risk yet harbored moderate-volume disease in the anterior prostate that was not
adequately sampled by routine TRUS biopsy. (Color version of the figure is available
online.)
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