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Abstract The diagnosis and treatment of prostate cancer con-
tinue to evolve with advances in science and technology. The
utilization of multiparametric MRI (mp-MRI) to identify le-
sions in the prostate has given clinicians the ability to visualize
malignancy in the prostate with greater confidence. With this
new ability came the advancement of fusion biopsy platforms,
which allow for direct targeting of these lesions. As with any
new technology in medicine, the proper use of these modali-
ties and how they fit into current clinical practice need to be
addressed. This review summarizes the current knowledge on
how to best optimize which men undergo mp-MRI and fusion
biopsies both in the screening and treatment settings.
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Introduction

Prostate cancer is the most commonly diagnosed non-
cutaneous cancer and second leading cause of cancer death
of men in the USA [1]. Despite this, prostate cancer screening
has been scrutinized because of the overdiagnosis and over-
treatment of clinically insignificant disease. The US

Preventative Services Task Force (USPSTF) in 2012 gave
prostate-specific antigen (PSA) screening a grade D recom-
mendation—meaning the harms outweighed the benefits of
screening [2]. To address these issues, both smarter screening
and smarter treatment approaches need to be developed. One
of the modalities that has been studied extensively over the
last decade to address these shortcomings has been
multiparametric MRI (mp-MRI) [3].

Multiparametric MRI is both an anatomical and functional
imaging modality of the prostate. Mp-MRI consists of T2-
weighted (T2W) images, diffusion-weighted images (DWI),
dynamic contrast enhanced imaging (DCE), and at some cen-
ters, MR spectroscopy. T2W images provide anatomic detail
of the prostate including the zonal anatomy, prostatic capsule,
urethra, and seminal vesicles. Prostate malignancies appear
hypointense on T2W images. DCE relies on the fact that pros-
tate cancers preferentially uptake contrast. DWI assesses the
random Brownian motion of water molecules within the pros-
tate. The more densely the cells are arranged, as seen in can-
cer, the more restricted the movement of water molecules. A
quantitative apparent diffusion coefficient (ADC) value can be
calculated from these DWI sequences, with a lower ADC
value corresponding to more densely packed cells in the af-
fected area. Studies have evaluated the relationship between
ADC values and Gleason score and have found a significant
negative correlation between ADC and Gleason scores, which
could help risk stratify these patients [4]. Any of these differ-
ent sequences alone perform poorly in identifying cancer.
However, when these sequences are combined, as mp-MRI,
the benefits of each sequence complement each other and
improve the accuracy in detecting prostate cancer [5].

Historically, MRI of the prostate was used as a staging tool
to assess for extraprostatic extension (EPE) and seminal ves-
icle invasion (SVI) [6]. With the advancement of imaging
technology, the focus was turned towards identifying and
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characterizing prostatic lesions. The last step in validating the
mp-MRI as a diagnostic tool was to correlate the im-
ages seen with whole mount pathology after radical
prostatectomy. Turkbey et al. developed 3D molds of
the prostate base on the MRI which allowed the pros-
tate to be aligned with the MRI images. Tumors were
then mapped on histopathology and MRI and correlated
with each other. They found that the positive predictive
value (PPV) of mp-MRI to detect prostate cancer was
98, 98, and 100 % in the overall prostate, peripheral
zone, and central gland, respectively. The sensitivity
was higher for tumors larger than 5 mm in diameter
as well as for those with higher Gleason score >7, p
<0.05 [7].

As MRI technology improved to detect prostate cancer, the
way biopsies was performed needed to advance as well. New
biopsy techniques have been developed to directly biopsy the
lesions seen on MRI, similarly to how other solid organ ma-
lignancies are diagnosed [8].

Fusion Biopsy Platforms

Three different modalities have been evaluated to use MRI to
improve prostate cancer detection during biopsy: cognitive
registration, in-bore biopsy, and MRI-transrectal ultrasound
(TRUS) fusion biopsy.

Cognitive registration allows the practitioner to review the
MRI images and apply this knowledge while performing the
TRUS biopsy. The areas in the prostate where the lesions were
identified onMRI are targeted on TRUS by cognitively fusing
the two images. The first report of prostate MRI being used in
conjunction with a cognitive biopsy is from 1999. They found
correct correlation with the site of positive biopsy and suspi-
cious areas seen on MRI [9]. This technique is heavily oper-
ator dependent and relies on the expertise of the person
performing the biopsy. It does not however require any addi-
tional training, equipment, or computer software. Studies
evaluating the effectiveness of cognitive registration have
shown it does increase the cancer detection rate and identifies
significant prostate cancer better than random 12 core biopsies
[10, 11].

In-bore MR-guided biopsies were the first type of guided
biopsies performed on MRI-identified lesions. These biopsies
are performed while the patient is in the MRI scanner and can
be performed by different approaches—transrectal, perineal,
or transgluteal [12]. MRI during the biopsy allows for precise
localization of the prostate lesions. This resource-intensive
technique however often requires anesthesia, can be time con-
suming, requires additional training, and relies on the opera-
tor’s expertise [13, 14]. A systematic review of in-bore biopsy
reported a median cancer detection rate of 42 % and the ma-
jority detected were clinically significant (81–93 %) [15].

Software Registration Platforms

Software registration platforms were developed as an
alternative to in-bore MRI-guided biopsy, which could
be performed in the office setting. In addition, it utilizes
TRUS, which is the most utilized method to perform
prostate biopsies. These platforms take a 2D ultrasound
image and reconstruct the prostate into a 3D model. The
contours of the US and MRI images are fused and al-
low the physician to see the MRI lesion location on real
time US imaging.

Once the prostate images are fused, different tracking
devices give the practitioner real time guidance as to
where the biopsy is being taken. Three different types
of tracking approaches have been approved—external
magnetic field generators, real time 3D TRUS, and an-
gle sensing robotic arms. For the external magnetic field
generator approach, a tracker located in the tip of the
US probe communicates with a magnetic field, which
gives real time information of the probe location in
relation to the prostate. Biopsies of the MRI-identified
targets are biopsied in the axial and sagittal plane to
accommodate for potential spatial inaccuracy of the sys-
tem [16]. The 3D TRUS approach utilizes a 3D US
probe which creates a 3D reference model. After the
biopsies are taken, the needle is left in place and a
new image is taken to register the location of the biop-
sy. This can lead to targeting error as the needle loca-
tion is confirmed after the biopsy has been taken. In the
third tracking platform, angle sensing robot arms track
the precise location of the probe and needle in relation
to the prostate.

MRI fusion biopsy platforms have been shown to outper-
form standard sextant biopsies [17, 18]. A recent meta-
analysis evaluated the cancer detection rate on a per core basis
and a per patient basis [19]. They found on a per core basis
cancer was detected in 30 % of targeted cores (375 of 1252)
versus 7 % of standard cores (368 of 5441). On a per patient
basis, cancer was detected in 36 % for standard biopsy and in
48 % for targeted biopsy. The overall cancer detection rate
however is not as important as identifying the significant can-
cers while minimizing the insignificant cancer found.

Siddiqui et al. evaluated the utility of performing
targeted biopsies in regard to upgrading the cancer and
finding significant disease versus standard sextant biop-
sy. Targeted biopsy led to upgrading in 32 % and de-
tected 67 % more Gleason ≥4+3 tumors than standard
biopsy alone. Standard sextant biopsy led to upgrading
in 26 % over targeted biopsy alone but only detected
8 % more Gleason ≥4+3 tumors [20].

The remainder of this review will focus on how MRI-
TRUS fusion biopsy can be utilized in different clinical
populations.
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No Prior Biopsy-Screening Population

Prostate-specific antigen (PSA) testing has been the mainstay
of prostate cancer screening since its development in the late
1980s. Depending on what threshold PSA level is used, the
sensitivity and specificity of the test to detect prostate cancer
change. Other clinical parameters such as digital rectal exam,
age, family history of prostate cancer, race, PSA doubling
time, and PSA velocity have been incorporated into prostate
cancer risk nomograms which help the practitioner decide on
whether to recommend biopsy.

One of these is the Prostate Cancer Prevention Trial
(PCPT) risk calculator [21]. A recent study compared the
PCPT calculator to mp-MRI in detecting clinically significant
prostate cancer in men with either elevated PSA or abnormal
digital rectal examination (DRE) and suspicious lesions seen
on MRI, defining significant cancer as Gleason ≥7. They ob-
served an area under curve (AUC) of 0.769 (95 % CI, 0.703–
0.834) for lesion suspicion level on mp-MRI in predicting
high-grade prostate cancer, which was 10 percentage points
better than the PCPT AUC of 0.676 (95 % CI, 0.592–0.751;
p=0.091 [22]).

Mp-MRI has also been used as a screening test to detect
clinically significant prostate cancer with transperineal tem-
plate mapping as the reference standard. Clinically significant
cancer was defined at Gleason ≥3+4=7 and/or maximum
cancer core length ≥4 mm, and their outcome analysis focused
on lesions with suspicion scores ≥3 out of a 5 point. They
reported a sensitivity of 94 %, specificity of 23 %, positive
predictive value (PPV) of 34 %, negative predictive value
(NPV) of 89 %, and AUC of 0.72 [23]. A negative MRI is
this study performed well with a NPV of 89 %, but as a
screening test, there still was a considerable amount of men
with false-positives highlighted by the decreased specificity.

One criticism of using mp-MRI as a screening test is the
increased time and cost incurred by the patient and health care
system at large. This was addressed in a study by Rais-
Bahrami et al. in which they evaluated biparametric MRI,
consisting of T2-weighted and diffusion-weighted images, in
men with elevated PSA levels and no prior biopsy. These
scans could be performed in approximately 15 min, and the
elimination of DCE obviates the need for intravenous contrast
reducing the overall cost and invasiveness of testing. They
found that the AUC for prostate cancer detection was 0.66
for PSA alone and 0.80 for biparametric MRI. The diagnostic
performance was increased when PSA density (PSAD) and
biparametric MRI were taken together with an AUC of 0.87.
Overall, they found a positive MRI with more than one screen
positive lesion (positive on both parameters examined) had a
sensitivity of 89 % and specificity of 54 % [24]. Again seen in
this study, MRI increases the diagnostic yield of finding pros-
tate cancer, and specifically higher grade disease, a significant
improvement over PSA alone.

During the period of PSA screening, reference ranges have
been developed based on a man’s age, race, and body weight
index. A recent study sought to identify a PSA threshold,
which optimized the detection of clinically significant cancer
by MRI-TRUS fusion biopsy. In men with no prior biopsy,
using a PSA cutoff of 6.5 ng/ml identified 90% of the patients
who were upgraded to significant disease by targeted biopsy
versus standard sextant biopsy, corresponding to 64 % of the
men who had a mp-MRI [25]. Thus, using a PSA threshold
could identify patients most likely to benefit from mp-MRI,
and as noted, 36 % of the men could have avoided a mp-MRI
and targeted biopsy.

Prior Negative Biopsy

A common clinical dilemma faced by urologists is a patient
with elevated or rising PSA and a prior negative prostate bi-
opsy. The repeated use of TRUS sextant biopsies is limited by
the fact that cancer detection rates decrease with each subse-
quent biopsy [26]. Saturation biopsies of the prostate have
been evaluated in the repeat biopsy setting, with cancer detec-
tion rates around 30 %, similar to repeat sextant biopsies, but
with potentially increased morbidity of the procedure [27].
Multiparametric MRI in this setting allows for the visualiza-
tion of lesions in areas of the prostate under sampled by stan-
dard biopsy techniques: the subcapsular, apical, anterior, and
the transition zones of the prostate [28].

One study evaluated 105 men with prior negative biopsy
and elevated PSAwho underwent targeted fusion biopsies as
well as standard systematic biopsies. They found that 91 % of
the men with cancer found by targeted biopsy were significant
versus only 54 % of the cancer found on systematic biopsies.
The MRI lesion degree of suspicion was the most powerful
predictor of finding significant cancer on biopsy. Interestingly,
they also found no relationship between the number of prior
negative biopsies and cancer detection rate [29]. Similar re-
sults were seen in another study of men with prior negative
biopsy and elevated PSA. Kaufmann et al. found that cancer
detection rate was 20 % higher with fusion biopsy and all
cancers identified by targeted biopsy met the criteria for sig-
nificant cancer [30]. The ability of mp-MRI to identify signif-
icant cancer in men with prior negative biopsies was studied.
In this study, they used transperineal template biopsies as the
standard and defined clinically significant cancer as any
Gleason grade 4 ormaximum cancer core length ≥4mm. They
found mp-MRI accuracy at detection of clinically significant
cancer showed sensitivity of 76 %, specificity of 42 %, posi-
tive predictive value of 38 %, and negative predictive value of
79 %. Their conclusion was that this may allow some men to
avoid unnecessary repeat biopsies [31].

As the previously stated studies point out, MRI fusion-
guided biopsies are able to identify significant cancers after
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prior negative biopsy because the mp-MRI is able to identify
lesions suspicious for cancer taking away the Brandomness^
of the biopsy. The standard sextant biopsy can miss significant
cancers by chance or by undersampling of the apex, midline,
and anterior regions of the prostate (see Fig. 1). Park et al.
reported that in men with a prior negative biopsy, 76 % of
the cancers identified by MRI targeted biopsies were located
in the transition zone [32]. Another study found that in men
who had at least two prior negative prostate biopsies, 68 % of
the cancer identified were in the ventral transition zone or
anterior horns of the peripheral zone [33]. Likely explaining
why their previous biopsies were all negative. Similarly,
targeted biopsies of the distal apical prostate have been found
to detect significantly more cancer than random sextant biop-
sies [34]. Larger prostates are more prone to undersampling as
a smaller percentage of the overall volume of the prostate is
sampled. Walton-Diaz et al. showed that although the cancer
detection rate of fusion biopsy does decrease with increasing
prostate size, the cancer detection rate of fusion biopsy in
these larger prostates was considerably higher compared to
standard sextant biopsy rates [35].

Prior to implementation of MRI as diagnostic adjunct, clin-
ical parameters such as age, race, family history, and PSA
level were used to help determine if a repeat biopsy should
be performed. More recently, newer tests such as prostate
cancer antigen (PCA3) and prostate health index (PHI), a
mathematical formula that combines total PSA, free PSA,
and [−2] proPSA, have been utilized to determine a man’s risk
of prostate cancer on repeat biopsy. A study by Porpiglia et al.
evaluated the efficacy of PCA3, PHI, and mp-MRI in the
repeat biopsy setting. On receiver operating characteristic
(ROC) analysis, they found the most significant contribution
of these tests to detect prostate cancer was provided by mp-
MRI (AUC 0.936). This was greater than the contribution of
the PHI combined with PCA3 (p<0.001) [36].

Surgical Planning

Many patients today who have chosen to have a radical pros-
tatectomy will already have had a mp-MRI performed, and in
those that have not, many clinicians are obtaining them before

Fig. 1 Mp-MRI of a 62-year-old
male with PSA of 4.99 ng/ml and
low apical lesion. The T2-
weighted image (a) shows a
hypointense lesion in the distal
left apical transition zone with
restricted diffusion seen on
diffusion-weighted images (DWI)
(b). Targeted fusion biopsy of this
lesion revealed Gleason 3+4=7
adenocarcinoma of the prostate;
all standard sextant biopsies were
negative for malignancy. A 60-
year-old male with PSA of
44.8 ng/ml had a sextant biopsy
with found Gleason 3+3+6
adenocarcinoma in 2 % of 1 core.
Mp-MRI showed on T2-weighted
images (c) an over 4 cm anterior
transition zone lesion which
extends across the midline. The
lesion had restricted diffusion
seen on DWI images (d) as well
as hyper-enhancement seen on
dynamic contrast enhancement
(DCE) images (e). Targeted
biopsy of this lesion revealed
Gleason 4+4=8 adenocarcinoma
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surgery. There are many findings, which can be evaluated on
mp-MRI which help guide surgical planning. Normally, there
is a layer of perirectal fat posterior to the prostate. This normal
anatomic space can become obliterated with cancer growing
towards and into the rectum. A finding such as this could
drastically alter how the patient is counseled regarding his
treatment options and risk of potential complications.

Mp-MRI can also be used to assess for extraprostatic ex-
tension (EPE) [37]. Somford et al. evaluated 183 men who
underwent a radical prostatectomy and compared final pathol-
ogy to preoperative extracapsular extension (ECE) on mp-
MRI. The overall sensitivity of mp-MRI to detect ECE on
final pathology was 73.8 %. On multivariate analysis, only
PSA and stage on mp-MRI were associated with ECE on final
pathology with mp-MRI being the strongest predictor (OR 1.1
versus 10.3) [38].

Historically, Partin tables were used to evaluate a patient’s
risk of extraprostatic spread based on clinical and pathological
findings. One study compared the Partin tables to mp-MRI in
their ability to detect organ-confined disease. They concluded
the accuracy of mp-MRI in predicting organ-confined disease
on pathological analysis is significantly greater than that of the
Partin tables. Mp-MRI had a high PPV (91.2 %) when
predicting organ-confined disease and a high NPV (89.7 %)
with regard to ECE [39].

It has been our institutional experience to use the preoper-
ative MRI findings to help us guide our extent and laterality of
our nerve sparing technique. This approach has been reported
by Park and colleagues in 353 men who underwent radical
prostatectomy and had mp-MRI data included. The urologists
determine preoperatively the degree of nerve sparing (bilater-
al, unilateral, no nerve sparing) they would use without incor-
porating the mp-MRI findings. After reviewing the MRI re-
ports, 26 % of the patients had a change in surgical plan. Of
these patients, 57 % changed to a more preservable nerve
sparing approach and the other 43 % changed to a wider mar-
gin of resection [40].

Seminal Vesicle Invasion

In patients with high-risk disease, seminal vesicles can also be
evaluated with mp-MRI. In a recent study, 131 patients had a
mp-MRI followed by radical prostatectomy. Comparing the
final pathology to mp-MRI findings, they reported a specific-
ity of 96–98 % and a positive predictive value of 70–79 % in
identifying seminal vesicle invasion (SVI) [41]. In men with
clinically high-risk prostate cancer, mp-MRI in combination
with clinical variables is able to more accurately predict SVI
and ECE than clinical variables alone [42]. The preoperative
identification of SVI can have important implications in treat-
ment recommendations and presurgical planning. The fusion
biopsy platform can be extended to target suspicious lesions

seen in the seminal vesicles onMRI. A study using fusion biopsy
to target seminal vesicle lesions reported a cancer detection rate
of 71 % for moderate and highly suspicious lesions [43].

Local Recurrence

Another clinical scenario wheremp-MRI is gaining utilization is
in men with rising PSA after radical prostatectomy. The differ-
entiation between local and systemic recurrence is an important
distinction to make before salvage or adjuvant treatments are
administered. The functional component as well as the detailed
anatomic information obtained from mp-MRI can be used to
help differentiate between local recurrence, residual normal
prostate tissue, scar/fibrosis, and granulation tissue [44]. Current
evidence suggests that for salvage radiation therapy, lower
preradiation PSA levels correspond to more durable responses
[45]. A recent study of men with biochemical recurrence after
radical prostatectomy and PSA ≤0.4 ng/ml reported the sensi-
tivity of mp-MRI to identify local recurrence was 86 % [46]. At
our institution, we use MRI fusion biopsy to target lesions iden-
tified on mp-MRI. This has allowed us to more accurately diag-
nose local recurrences and as a result has allowed us to better
identify patients who will benefit from salvage treatments.

Active Surveillance

Active surveillance (AS) is a treatment option for men with
low-risk prostate cancer, which addresses the overtreatment of
indolent cancers [47]. Many different AS protocols exist,
which are based on multiple clinical parameters as well as
the pathology results from standard sextant biopsy sessions.
These previously used protocols become less applicable when
using MRI fusion biopsies because they are based on standard
sextant biopsy findings, which correlated to low risk findings
at the time of radical prostatectomy. MRI fusion biopsy de-
tects higher grade and more significant cancer; and therefore,
based on historical protocols, fewer men undergoing this
image-guided biopsy would be eligible for AS. One could
argue however that men who undergo MRI fusion biopsy
are more accurately staged and thus more accurately identified
to have indolent disease with a low risk of progression. In
addition, there is recent evidence to support that fusion biopsy
provides a more representative assessment of the overall dis-
ease burden [48]. To date, there are no AS protocols which
strictly incorporate prostate cancer findings using MRI fusion
biopsy techniques. Hu et al. evaluated men who met Epstein
AS criteria based on standard sextant biopsies and used MRI
fusion biopsy findings to confirm their eligibility. They
reclassified 36 % of the men overall who no longer met AS
criteria and 100 % of the men with highly suspicious lesions
seen on MRI no longer met Epstein AS criteria after
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confirmatory fusion biopsy [49]. Similarly, Da Rosa et al.
found that MRI suspicion level significantly predicted identi-
fying clinically significant cancer on multivariate analysis in
men on AS [50]. Another study took these findings one step
further and identified the MRI suspicion score, number of
suspicious lesions identified, and lesion density (total lesion
volume/prostate volume) as significant for reclassifying men
on AS using Epstein criteria. Based on these findings, they
developed a nomogram to predict which men would be
reclassified no longer meeting Epstein AS criteria based on
these three MRI factors [51]. The NCI group recently pub-
lished only series to date in AS patients who have undergone
serial imaging and fusion biopsy. They reported the negative
predictive value of a stable MRI to be 80%, with the number
needed to biopsy being 8.7 and 2.9 for fusion biopsy and
standard biopsy, respectively [52]. Finally, serial MRI and
targeted biopsy allow for retargeting of prior areas of concern,
which can be assigned as new targets based on the prior find-
ings [53]. Though the role ofMRI and targeted biopsy in AS is
evolving, currently, the ability to identify ideal candidates is
promising, and work on its ability to detect progression in
continued monitoring is being studied.

Conclusion

The use of mp-MRI and fusion biopsy has changed how cli-
nicians now diagnose and treat prostate cancer. The use of
these modalities allows for more accurate identification of
tumor burden within the prostate as well as possible
extraprostatic disease. This information is crucial when
counseling a patient on his treatment options, especially when
recommending active surveillance versus active treatment. Al-
so, now that these lesions can be seen within the prostate, it
makes focal ablative therapy a treatment option just as it is in
many other solid organ malignancies.
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