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Abstract

Transrectal ultrasound-guided biopsy is the gold stan-
dard for prostate cancer detection. The latter detection
rates of random systematic TRUS-guided biopsy do not
exceed 44%. As a consequence other biopsy methods
have been explored. One of these methods is MR-guided
biopsy (MRGB), which revealed detection rates of
38-59% after previous negative TRUSGB sessions. For
this reason MRGB will probably become more and more
applied in daily practice.
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The incidence and mortality of prostate cancer vary
substantially worldwide, but it is the most common non-
cutaneous malignancy in the western world. Prostate
cancer is the second most common cause of cancer
deaths among men in the United States and western
Europe [1]. Although there has been a decline in prostate
cancer death rates since 1990, attributed to the advent of
prostate specific antigen (PSA) leading to earlier diag-
nosis and treatment, the management of prostate cancer
is complicated by our inability to accurately stage disease
and predict rate of progression [2]. There are multiple
options for treatment which include the following: active
surveillance, androgen deprivation therapy, radical pro-
statectomy (open, laparoscopic, or robotic), various
forms of radiation therapy (conformal or intensity
modulated external beam and permanent interstitial or
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high dose rate brachytherapy), or combined approaches
[3, 4].

Currently in the United States, men undergo screen-
ing for prostate cancer beginning at the age of 50
(younger for high risk patients such as African-American
or with family history of prostate cancer) using serum
PSA combined with digital rectal exam (DRE). Those
who have PSA >4.0 ng/ml or abnormal DRE are referred
for trans-rectal ultrasound (TRUS)-guided prostate
biopsy to obtain tissue diagnosis. While prostate biopsy
is needed to confirm the diagnosis of prostate cancer,
TRUS prostate biopsy is specific (i.e., false positive
results are rare), but not sensitive (i.e., 39-52% false
negative rate). This is in distinction to serum PSA which
is sensitive (85% of patients with prostate cancer have an
elevated PSA), but not specific (70-80% of patients with
elevated serum PSA who subsequently undergo TRUS-
guided prostate biopsy do not have demonstrable pros-
tate cancer) [5, 6]. Clinical staging (e.g., DRE) fails to
accurately stage prostate cancer leading to alternative
methods of evaluation based upon nomograms (the
Partin Tables being the most widely recognized) derived
from risk assessment analysis based upon historical
analysis of clinically available variables such as serum
PSA (and PSA velocity, serum-free PSA), Gleason his-
tologic grading, and surrogate imaging studies such as
CT scan and bone scan which assess metastatic but not
local disease [7].

Despite its low sensitivity, TRUS-guided prostate
biopsy is the universally accepted method of confirming
prostate cancer. The term “TRUS-guided” is misleading
since TRUS is unable to discriminate between prostate
cancer and other benign diseases of the prostate which
can cause elevation of serum PSA, the most notable
being benign prostate hyperplasia and prostatitis. TRUS
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Fig. 1.

Multi-parametric MR images, comprising T2-weigh-
ted (A), diffusion weighted-derived apparent diffusion coeffi-
cient map image (B), and dynamic contrast-enhanced image
(Ktrans) (C), in a 63 year old male, with a PSA of 12 ng/ml,
and a history of two negative transrectal ultrasound guided
prostate biopsy sessions. In the left transitional zone a cancer
suspicious region is present (low-signal intensity lesion on T2,

guidance is capable of assuring that the prostate (rather
than adjacent organs) is biopsied in a systematic fashion
taking two cores from each ‘‘sextant” region of the
prostate: two biopsies at mid, base, and apex region on
both right and left sides (12 needle cores total with var-
iable yield) [8, 9]. Therefore, men who have a normal
TRUS prostate biopsy despite persistent elevated PSA
may harbor occult prostate cancer.

Magnetic resonance (MR) imaging has a higher sen-
sitivity for detecting prostate carcinomas than DRE and
TRUS in patients having an elevated PSA value and a

asymmetric Ktrans and restricted diffusion on the ADC map).
D During a second session, a MR-guided biopsy was per-
formed of the cancer suspicious area. The needle guider was
pointed toward the cancer suspicious region in axial and
subsequently biopsied. Verification image with the needle
guider left in situ was obtained. Histopathology revealed a
Gleason 4 + 3 prostate cancer.

negative TRUS biopsy. However, its specificity is limited
since other abnormalities such as prostatitis, scars, or
prostatic intraepithelial neoplasia (PIN), have a similar
MR imaging appearance. However, the role of MRI has
evolved over the past decade with development of newer
techniques to localize stage and obtain functional infor-
mation about the tumor.

Currently, prostate MR imaging is the most widely
used cross-sectional imaging technique for prostate
cancer. While ultrasound provides real-time data, it is
also highly operator-dependent and experience is needed
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to perform it. MR imaging allows for a more standard-
ized examination of the prostate and with the addition of
functional imaging techniques such as diffusion-weighted
imaging (DWI), proton MR spectroscopic imaging
(MRSI), and dynamic contrast-enhanced MR imaging
(DCE-MRI) a unique insight can be obtained in the
cancer characteristics. [10].

Repeat negative biopsies represent a clinical problem
faced by urologists. Early detection of significant tumors
is crucial to establish effective, potentially curative
treatment. Newly developed MR-compatible biopsy
devices enable the performance of targeted biopsies in
areas that appear suspicious on the MR imaging. Recent
studies have demonstrated that MR imaging can be used
to target and guide biopsies of suspicious areas seen on a
comprehensive diagnostic MR exam [11-16].

Using diagnostic MR images during an MR-guided
biopsy procedure improves quality of the biopsy as a
high percentage of prostate cancers can be depicted using
a targeted biopsy technique, eliminating unnecessary
“saturation’ prostate biopsies for patients with elevated
PSA levels and repeated negative TRUS biopsy sessions.
This review will give an overview on the pre-biopsy
planning and how to perform MR-guided biopsy
(MRGB) of the prostate.

MR imaging

Prior to the MR-guided biopsy procedure, a diagnostic MR
examination is acquired to detect cancer suspicious regions
(CSRs). Thisis typically done in patients with elevated and/
or rising PSA and at least one negative TRUS-guided
biopsy session. Either a 1.5 or 3T MR scanner is used
combined with a multi-phased array coil. The endorectal
coil could be used in combination with the phased array
coil; however, in this patient group, the aim is to detect the
tumor and not to accurately stage prostate cancer.

The imaging protocol should include at least one
functional MR imaging techniques. Anatomical
T2-weighted turbo spin echo sequences are acquired
(3 mm slice thickness; in plane resolution <0.5 mm) in at
least two planes (preferably axial and coronal), covering
the entire prostate and seminal vesicles. Subsequently,
axial DWI is acquired with a single-shot echo-planar
imaging sequence with diffusion modules and fat sup-
pression pulses. Water diffusion in at least three direc-
tions is acquired using b-values of 50, 500, and 800—
1000 s/mm?. Apparent diffusion coefficient (ADC)-map
is calculated based on these h-values. In order to perform
DCE-MRI, a transverse 2- or 3D T1-weighted gradient
echo sequence with the same positioning angle and center
as the axial T2-weighted sequence, is acquired (>3 min
length and temporal resolution of <15s) during an
intravenous bolus injection of a paramagnetic gadolin-
ium chelate, administered with a power injector at
2-5 ml/s and followed by a 20-ml saline flush.

J. J. Fltterer et al.: High-risk prostate cancer

The MR images can be evaluated using commercially
available analytical software solutions. Prostate cancer
typically appears as an area of low-signal intensity within
the bright peripheral zone on anatomical T2-weigthed MR
imaging. In the central gland, a homogeneous low signal
intensity and lenticular shape are significantly associated
with the presence of transition zone cancer. Post-biopsy
hemorrhage and prostatitis cause areas of low signal
intensity on T2-weighted sequences, thereby making
prostate cancer detection more difficult. Most practical is
to score for every CSR for each different MR parameter
the likelihood of cancer being present. A scale of 1-5can be
used, where a score of 1 indicates no cancer present and a
score of 5 indicates that cancer is highly likely to be pres-
ent. Criteria per imaging sequence for scoring cancer
presence in short are; a focal area of low signal intensity on
T2-w, on the DCE-MR images a focally enhancing region
on the volume transfer constant map and/or washout map,
and on the DWI a focally low-signal intensity region on the
apparent diffusion coefficient map in combination with a
high-signal-intensity region on the image obtained with a
high b value (e.g., >1000).

Patient preparation

It is advisable to prepare patients preventively with oral
or intravenous quinolones. Patients with indications for
endocarditis prophylaxis and patients on anti-coagula-
tion medication should be recognized, and if necessary
further adjustments should be made depending on hos-
pital protocols. No further preparation is necessary, such
as special diets or enemas. Patients should be instructed
not to move during the intervention. MRGB can be
performed in both open and closed bore systems. At the
same time the hindrance of a closed bore system is the
limited space one has to position the patient, perform
specific maneuvres and handle instruments required for
certain interventions. Such problems may be overcome
till a certain level with newer MR systems with larger and
shorter bores.

As for biopsy routes, the transrectal approach is
probably the most preferable one. Even though trans-
gluteal and transperineal biopsy methods have been
described and seem feasible, the transrectal approach is
the only method where anaesthetics can be omitted [17,
18]. The rectum is the shortest way to reach the prostate
and therefore technically the most straightforward
approach. Furthermore, it will suffer the least from e.g.,
needle deflection.

MR-guided biopsy

Systematic TRUS-guided biopsy is the gold standard for
detecting prostate cancer. Initially sextant biopsy
schemes were used but these miss a large number of tu-
mors (20-30%). Increasing the number of cores increased
the detection rate on first biopsy from 32, 38, 42 to 43%
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for the 6-, 12-, 18-, and 21-core schemes, respectively.
The combination of diagnostic MR imaging and MRGB
may increase the prostate cancer detection rate (Fig. 1).

Beyersdorff et al. [13] were the first to describe a trans-
rectal MRGB in a closed MR system by using anatomical
T2-weighted MR images as part of a pre-biopsy planning.
More recently, Hambrock et al. [15] and Franiel et al. [16]
described transrectal MRGB in a closed MR system by
using a multi-parametric MR pre-biopsy planning method.
There are currently two commercially available devices for
MRGB of the prostate. The devices have 5 degrees of
freedom (rotation, forward and backward, change in
height). Patients are placed in a prone or supine position on
the MR table depending on the device. A fiducial (needle
guider filled with gadolinium) is inserted rectally, after
lubricating with lidocaine gel. A body phased-array coil is
placed on the patient. Once the patient is correctly posi-
tioned and instructed, the CSR(s) determined during the
diagnostic MR session need to be relocated. For this, these
CSRs need to be translated to the T2-weighted MR images
obtained during the biopsy session by using anatomical
landmarks and a relative 3-dimensional position estimation
[10]. To assess the most aggressive part of the CSR, a DWI
sequence could be applied. Subsequently, the most
restricted area could be targeted [19-21]. After relocation of
the CSR the needle guider is adjusted toward the desired
target area, a fast T2-weighted (for example, a true fast
imaging with steady state precession sequence) verification
image in at least two planes (preferably in the axial and the
sagittal plane) is acquired to determine the needle guider’s
position relative to the targeted area. Both commercially
available systems have software for correct alignment of
needle guider and biopsy planning. When satisfied with its
location a biopsy can be performed and a verification image
with the needle left in situ can be obtained. An 18-gauge,
fully automatic, MR-compatible, core needle, double-shot
biopsy gun can be used for this purpose. Depending on how
confident one is about the accuracy of the biopsy relative to
the CSR, additional biopsies can be taken. A procedure
time of 35 min is reachable, after a learning curve of
probably 3040 cases.

Expected morbidity after MRGB are more or less
comparable to random TRUSGB, which are hemato-
spermia (for about 4 weeks after the procedure), hema-
turia (for about a week after the procedure), and anal
bleeding (one or two days after the procedure). Sporad-
ically sepsis can develop (<1%). Even though it is con-
ceivable that MRGB will have less complications because
of the lower number of cores taken per patient, no
studies report on the comparison of MRGB and
TRUSGB complications.

Discussion

Detection rates for MRGB after at least one previous
negative TRUS-guided biopsy session ranged between 38
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and 59% [10, 12—-16]. These rates are noticeably higher
compared to repeat TRUS-guided biopsy, which has a
detection rate of maximally 22% in the second session.
Although TRUS-guided biopsy is more available
worldwide compared to MRGB, the advantage of tar-
geted biopsy over ““blind” biopsy is clear. MRGB has the
advantage of being a targeted procedure, directed by the
preceding diagnostic MR session with promising locali-
zation performance. Also the excellent soft tissue con-
trast during the biopsy itself is a major advantage of this
technique. The use of multi-parametric MR imaging in
prostate cancer management could prevent patients from
undergoing unnecessary biopsies and consequently avoid
unnecessary treatment delay.

MR imaging findings have been used to direct biop-
sies under TRUS guidance with reasonable to good
detection rates 25-55%. Experimental fusion of MR and
TRUS data [22], in which distances between corre-
sponding data-points for each technique are rendered as
small as possible by elastic registration, has been used to
obtain more accurate MR-TRUS biopsy results.

A limitation of MRGB is that multi-parametric MR
imaging for localization and the MR-guided biopsy need
to be performed in two different sessions, as image post-
processing, reading and exact tumor localization demand
time. Furthermore, antibiotics have to be administered
before the biopsy session and pre-cautions regarding anti-
coagulation medication have to be taken. Another disad-
vantage is the movement of the prostate during the biopsy
procedure and moving the patient in and out of the MR
bore for device manipulation. The latter is time consuming
and may increase the change of patient movement.

In conclusion, MRGB has a high prostate cancer
detection rate in patients with previous negative TRUS-
guided biopsy sessions. For this reason MRGB and/or
TRUS-MR fusion guided biopsy will probably become
more and more available in daily practice.
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Commons Attribution Noncommercial License which permits any
noncommercial use, distribution, and reproduction in any medium,
provided the original author(s) and source are credited.
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