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INTRODUCTION

Widespread use of prostate-specific antigen (PSA) 
screening and increased number of transrectal prostate 
biopsy encounters have led to an increased diagnosis 
of prostate cancer (PCa) along with stage migration 
toward early-stage, organ-confined disease.[1] It is 
estimated that 233,000 new PCas will be diagnosed in 
the US in 2014.[2] Recently, the US Preventive Services 
Task Force attributed grade D to PSA screening for 
detecting PCa, implying that PSA screening may cause 
harm to the patients.[3] But, the “random” nature of 
the verification test following the PSA test, the TRUS 
biopsy, may be partly to blame for the poor screening 
yield of PSA. Only about one in four men subjected to 

TRUS biopsy reveal cancer, and many of them are indolent 
and low grade. On the other hand, many significant tumors 
in anterior gland (prostate evasive anterior tumor), midline 
and at the apex go undetected because of the random nature 
of TRUS biopsy.[4]

Multiparametric magnetic resonance imaging (mp-MRI) 
of the prostate combining T2-weighted imaging with 
diffusion-weighted imaging (DWI) and perfusion imaging 
has been extensively studied in recent years.[5-8] It has been 
shown to have a high sensitivity, particularly in detecting 
clinically significant cancers.[9,10] The localizing strength 
of mp-MRI of the prostate has opened up opportunities 
for targeted diagnosis and treatment strategies.[11-16] 
Transrectal ultrasound-guided biopsy has historically shown 
low concordance with radical prostatectomy histology. 
Several studies have shown that there is undergrading of 
the Gleason score on TRUS biopsy when compared with 
radical prostatectomy specimens.[17,18] The effectiveness 
of mp-MRI used along with PSA, followed by targeted 
biopsy of the MRI visible lesion, is now accepted as a better 
alternative to systematic TRUS biopsy.[19-21] Schoots et al. 
recently published a meta-analysis of 16 studies, where the 
authors concluded that MRI-guided targeted biopsy had a 
higher detection rate for significant cancer and lower rate 
of detection of insignificant cancer and therefore benefits 
the diagnosis of PCa.[22] Targeted biopsy of the MRI visible 
lesion can be performed by two different techniques, either 
in-bore MRI-guided biopsy of the visible target[23,24] or 
registration of MR images with TRUS images using fusion 
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software for biopsy under TRUS guidance (out of bore).[25] 
Both approaches use the advantage of tumor delineation on 
mp-MRI for accurate localization and sampling.

Apart from the role in risk stratification of PCa,[26-29] the 
localizing ability of mp-MRI has also opened up opportunities 
for its focal treatment. At present, men diagnosed with PCa 
are offered one of two options – either active surveillance 
or a radical form of treatment (surgery/radiation therapy). 
Significant deterioration of urinary and sexual function 
remain prevalent side-effects of radical therapies.[30] Men with 
low or low-intermediate risk disease may be candidates for 
active surveillance. However, there is usually low adherence 
to active surveillance with the perceived possibility of 
disease progression and missing the opportunity for cure.[31] 
Focal therapy is an intuitive new organ-sparing technique 
that aims to selectively ablate locally confined, clinically 
significant index lesions while sparing the majority of the 
prostate gland and the surrounding delicate neurovascular 
bundles and urinary sphincter.[32,33] Although PCa is often 
multifocal, evidence suggests that the natural history of the 
disease is predominantly determined by the largest lesion, 
which is most often also the highest grade,[34] the so-called 
index lesion.[35] Evidence supporting the theory that the 
largest volume tumor is the index tumor includes the 
observations that recurrence after radiation therapy nearly 
always occurs at this site and extracapsular extension arises 
from the largest tumor in 90% of cases.[36] The index lesion 
if clinically significant will often be visualized on mp-MRI, 
can be confirmed on biopsy and targeted for ablation.

Various experts have proposed different ablative templates 
for focal therapy [Figure 1], but in our opinion “focal 
therapy” is somewhat of a misnomer for hemiablation and 
subtotal zonal ablation templates. The goal of focal therapy 
should be to perform targeted ablation of the MRI visible 
index tumor with the aim to eradicate the index lesion and 
minimizing side-effects of treatment, thereby providing the 
best balance between oncologic control and maintenance of 
quality of life (QoL).[15] Visualization of tumor allows in-bore 
MR-guided focal treatment to be more suitable for targeted 
ablation and accurate targeting without any misregistration 
concerns.[37] In-bore treatment also offers the advantage of 
MR thermometry, which provides real-time monitoring of 
the thermal map during the treatment to ensure selective 
and adequate tumor ablation and preservation of sensitive 

surrounding structures. Contrast-enhanced scan at the end 
of the procedure shows the non-perfused volume and helps 
confirm adequate treatment coverage before the patient is 
taken off the table.

This article reviews the current status of MRI-guided prostate 
biopsies as well as minimally invasive in-bore targeted 
treatment of organ-confined focal PCa. Ongoing clinical 
trials for in-bore focal PCa treatment via the transperineal, 
transrectal and transurethral routes using different energy 
modalities for the ablation are discussed. Focal therapy and 
prostate biopsy performed under TRUS guidance, with or 
without use of the newer MRI-TRUS fusion technologies, 
are beyond the scope of this review and are therefore not 
included.

MRI‑guided prostate biopsy
MRI-guided prostate biopsy was initially reported in 2000 
when investigators reported its success via a transperineal 
route using an open-configuration 0.5T strength MRI.[38,39] 
Although the open-bore MRI configuration provides easier 
patient access, it is limited by its low signal to noise ratio, 
which leads to non- or poor visualization of the target 
lesion at the time of biopsy on the low-strength (typically 
0.5T) open-bore magnets. The pre-biopsy diagnostic images 
must therefore be registered to the real-time images at 
time of biopsy in low-strength MRI scanners. In 2005, 
Beyersdorff et al.[40] reported transrectal MR-guided biopsy in 
a cohort of 12 patients using a robotic device in a closed-bore 
1.5T magnet. Since then, several studies have reported 
successful MR-guided prostate biopsy within closed-bore 
higher strength magnets (1.5T and 3T), most using the 
transrectal approach in prone position.[21,23,41,42] The reported 
cancer detection rates in these studies ranged from 8% to 
70%.[23,24] In the largest published series on in-bore prostate 
biopsy, 265 patients with PSA over 4.0 ng/mL and at least 
one previous negative TRUS biopsy were sampled following 
mp-MRI in a 3T magnet. Cancer was detected in 33% of 
the sites called on MRI, and 87% of these were clinically 
significant.[43] DWI has been shown to be a biomarker for 
PCa aggressiveness.[10,44] Using DWI for MR-guided in-bore 
biopsy, Hambrock et al. reported correct representation 
of the Gleason grade with prostatectomy specimens in 
34 patients, and therefore representing the pre-treatment 
risk stratification.[45] Utilization of T2-weighted turbo spin 
echo (TSE), T1–weighted spolied gradient echo, ultrafast 
gradient echo and T2-weighted true fast imaging with 
steady-state precession sequences (bSSFP) enabling good 
visualization of the needle during the procedure have been 
reported in most studies.

Several MR-compatible biopsy devices, registered to the MR 
images using a coordinate system, have been used along with 
complex software to guide the needle.[41] Although most of the 
reported transrectal prostate needle guidance devices have 

Figure 1: Focal therapy templates. Magnetic resonance-guided in-bore ablation 
is ideally suited for targeted ablation
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been in the prone position, Schwab et al. recently reported 
the results of MR-guided biopsy preformed in wide-bore 1.5T 
and 3T magnets in the more comfortable supine lithotomy 
position in 50 patients.[46] They used a modified version of a 
previously used biopsy device[47] with a custom bed allowing 
elevation of the pelvis and legs and leaving a gap for the 
biopsy device. More recently, Cepek et al.[48-50] described a 
MR-compatible mechatronic (robotic) system for in-bore 
needle guidance via a transperineal route, which could be used 
for prostate biopsies and focal ablation. They demonstrated 
a reliable method for accurate needle placement in a short 
needle delivery time. The transperineal approach for prostate 
intervention is associated with decreased risk of urosepsis, 
which may occur in about 4% of patients following transrectal 
prostate biopsies.[51]

The reported procedure time for transrectal MR-guided 
biopsy varies from 30 to 68 min,[23] which is substantially 
longer than those reported for TRUS biopsy. Repeatedly 
moving the table to bring the patient out of the scanner to 
provide access to the needle for advancing or adjusting the 
biopsy needle, followed by repeat imaging, is one of the 
main reasons that prolongs the procedure time of in-bore 
procedures, including biopsy. Some investigators have 
therefore looked at MR-compatible robotic or mechatronic 
devices using rectal,[52] gluteal[53] and perineal approaches.[48-50] 
All investigators concluded that robot-assisted prostate 
procedures were feasible and can be performed safely and 
accurately, although in at least one of these studies the 
procedure time did not decrease with use of the robotic 
device when compared with the manual technique.[52] 
Cepek et al.[48] reported needle delivery time to the target 
of 9 min using their transperineal mechatronic device, 
although this assessment was performed at the time of focal 
laser ablation (FLA) and not for biopsy and did not take into 
account the time needed to set up the device at the start of the 
procedure. This brings into question the cost-effectiveness of 
MR-guided in-bore prostate biopsy. de Rooij et al.[54] compared 
the QoL and health care costs for the “blind” TRUS-guided 
biopsy strategy to the imaging-based strategy where MRI 
and directed MR-guided biopsies were performed, modeled 
to include the cascading effects for a period of 10 years 
following initial referral for biopsy. Their results suggested 
comparable healthcare costs in the two strategies but an 
improved QoL in the imaging arm. The benefit in QoL is 
derived from decrease in overdiagnosis and overtreatment in 
the imaging arm. The benefits of mp-MRI in the diagnostic 
pathway of PCa include the potential of performing less 
number of biopsies, based on the negative predictive value 
of mp-MRI, and therefore decreasing the incidence of 
complications from biopsies (multiresistant sepsis), increased 
sampling efficiency, decreased histopathology costs, better 
characterization of Gleason grade and fewer missed 
clinically significant cancers.[55] MRI-TRUS fusion biopsy 
exploits the high accuracy of mp-MRI with the real-time 
capability and ease of TRUS biopsy. It is less expensive than 

MR-guided biopsy and can also be performed in a shorter 
time, although there have not been any published studies 
directly comparing the two techniques for targeted prostate 
biopsy. Recent results of MRI-TRUS fusion biopsy with 
different available software platforms have shown promising 
results[25,56-60] and therefore this technique is likely to provide 
an alternative targeted biopsy method to overcome the costs 
of in-bore prostate.

MR‑guided focal laser ablation
Laser is one of the energy modalities currently being evaluated 
for MR-guided focal therapy of PCa. Laser-induced thermal 
therapy utilizes laser light to deposit high-energy photons 
to generate coagulation through rapid heating. The thermal 
effect depends on the amount of heat energy delivered and 
on the depth of light distribution, which is regulated by the 
wavelength of the laser fiber. Improvements in the design of 
diode laser sources currently used for interstitial therapy have 
made them smaller, portable and less expensive. The diameter 
of the optical fibers for light delivery vary from 300 to 600 um 
(typically 400 um for the 15W fiber and 600 um for the 30W 
fiber), with the length of the cylindrical diffuser tip varying 
from 10 to 40 mm,[61] but most commonly 10 mm and 15 mm 
for prostate application. Laser ablation is MRI compatible, 
predictable and precise with sharply defined margins, as has 
been shown in some pre-clinical and phase I clinical studies, 
and therefore is ideally suited for targeted ablation as opposed 
to hemi-ablation or zonal ablation.[62] The intensity of the 
energy can also be controlled by the operator in real time 
based on the thermal feedback at the time of treatment. This 
integrated system is less expensive when compared with 
other sources of energy delivery.

The procedure is performed under deep sedation in the 
MRI suite in supine position with the legs elevated on 
support to provide access to the perinuem. T2-weighted 
turbo spin echo (TSE), T1-weighted spoiled gradient echo, 
ultrafast gradient echo and T2-weighted true fast imaging 
with bSSFP sequences have been used for visualization of 
the needle during the procedure [Figure 2]. Our group has 
previously reported on concentration of the contrast agent to 
be used for filling up the catheter for better visualization on 
spoiled gradient echo sequences.[63] Real-time thermal maps 
are obtained using the proton resonance frequency (PRF) 
shift [Figure 2]. 3D thermal mapping can also be obtained, 
which helps to show the ablation zone in relation to 
important surrounding structures. Pre-clinical trials using 
980 nm diode laser (Visualase, Houston, TX, USA) as a 
thermal energy source for MRgFLA have shown precise and 
accurate ablation zones.[64-66] Linder et al.[65] compared whole 
mount histology with MRI in four patients who underwent 
FLA followed by radical prostatectomy and found that 
FLA created confluent ablation and that post-ablation 
MRI was accurate in determining the ablated area. Two 
separate phase 1 trials using the transperineal approach 
on a cohort of 38[67] and nine patients,[68] respectively, 
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were reported in 2013, demonstrating its feasibility with 
minimal or no side-effects of the treatment. Both studies 
showed near-identical results with no residual disease at 
the treated site in approximately 75% of the patients, and 
most of the patients with residual disease had low-volume 
low-grade disease not visible on mp-MRI at 4–6 months 
post-treatment. Ongoing phase II clinical trial results at our 
institute and the University of Chicago are expected in 2015. 
Our investigators are also presently using a MR-compatible 
mechatronic device for needle guidance and ablation.[47-49,69] 
In their initial evaluation of 37 needle insertions using the 
mechatronic device in the course of 10 FLA treatments, the 
median needle guidance error was 3.5 mm and the needle 
delivery time was 9 min.[48] Lee et al. used a transrectal 
approach for MRgFLA with the patient in the prone position 
and reported their experience in 23 patients.[70] Although 
these initial results are encouraging, larger series with longer 
follow-up will be needed for validation.

MR‑guided focused ultrasound therapy
Focused ultrasound is a completely non-invasive treatment 
method of tissue ablation and has been proved effective 
in a wide variety of benign and malignant tumors. The 
high-energy ultrasound waves are converted to thermal 
energy, resulting in raised temperature and tissue 
coagulation from protein denaturation.[71] As with other 
energy modes for focal treatment of PCa, integration of 
focused ultrasound with MRI (MRgFUS) provides for 

accurate targeting and closed-loop real-time monitoring of 
temperature by MRI thermography thus also allowing for 
a safer ablation procedure. Focused ultrasound has been 
shown to ablate prostate tissue with sharply demarcated 
transition between the coagulated zone and the surrounding 
gland. Two different systems, one for transrectal and the 
other for transurethral ablation, have been developed[72,73] 
and are being presently evaluated in phase 1 clinical trials.

Transrectal MRgFUS
The ExAblate 2100 Prostate (Insightec Inc., Haifa, Israel) 
is a transrectal MRgFUS system. The system consists 
of an endorectal transducer made of 990 elements and 
filled with degassed water at 140°C to eliminate air in 
the beam path and to cool the rectum during treatment. The 
ultrasound beam can be steered to the desired location in the 
prostate [Figure 3]. A proof-of-principle study published in 
2013 demonstrated extensive coagulative necrosis without 
any residual tumor in the ablated area in five patients 
who underwent radical prostatectomy within 2 weeks of 
the MRgFUS treatment.[72] The average procedure time 
in the study was 84 min. Our group initially reported the 
feasibility of transrectal MRgFUS treatment for PCa with the 
ExAblate system,[74] and have recently reported the results 
with >18 months follow-up on the first four patients treated 
with MRgFUS system at our institution in an ongoing phase I 
trial.[75] Six sites of disease confirmed on biopsy were treated 
in the four patients. All six treatment sites were clear on MRI 

Figure 2: Magnetic resonance-guided focal laser ablation treatment. A 54-year-old male with biopsy-confirmed Gleason 7 (3+4) prostate carcinoma. (a) Pre-treatment 
axial apparent diffusion coefficient map (ADC) shows a well-demarcated magnetic resonance imaging (MRI) visible lesion (outlined in red) in the left transition zone 
at the level of mid gland. The prostatic urethra is outlined in yellow. (b) Intra-operative axial balanced steady-state precession sequence MRI scan confirming final 
position of two transperineally advanced cannulas with gadolinium markers (arrow) prior to initiating power. (c) Thermal map image during treatment showing areas 
of heat deposition color coded (orange) overlaid on tumor outline (in red). (d) Immediate post-treatment axial post-contrast Gd-DTPA (Magnevist®, Bayer Healthcare) 
enhanced subtraction image highlights the devascularized ablated volume (arrow), showing no damage to the rectal mucosa or neurovascular bundle or even the 
adjacent urethra, which is outlined by Foleys catheter. (e) Post-treatment axial T2-weighted image at 6 months shows devascularized cystic area at the site of treatment. 
All six samples obtained from the site at the 6-month follow-up biopsy were negative
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at 6 months, and five of the six target lesions (83%) were free 
of disease on follow-up biopsy at 6 months post-treatment, 
while low-risk MR-invisible disease was seen at one of the 
six treated sites at the 6-month biopsy. The median treated 
volume was 3.55 cc and the median procedure time was 
215 min, although this was predominantly from system 
error during one of the treatments leading to increase in 
procedure time. There was no significant difference in the 
pre- and post-treatment QoL, IIEF-15 (International Index 
of Erectile Function) and IPSS (International Prostate 
Symptom Score) scores.

MR‑guided transurethral focused ultrasound therapy
The transurethral device (PAD – 105, Profound Medical 
Inc., Toronto, Canada) includes a transurethral ultrasound 
device and a rotational positioning system, which allows 
the transducer to rotate along a defined angular sector of 
the gland. The device is inserted into the urethra over a 
guidewire and positioned in place in the prostatic urethra 
under MRI guidance. Pre-clinical studies have shown the 
device to be safe, capable of producing highly accurate 
volumes of ablation and treat entire prostate volumes in 
a short time.[76-79] A suprapubic catheter is placed prior 
to the procedure for continuous bladder drainage during 
the procedure. The procedure is performed under spinal 
or general anesthesia. The first proof-of-principle study 
demonstrating the safety and feasibility of transurethral 
prostate ablation in eight human subjects was reported 
by Chopra et al.[73] They treated a 1800 angular sector 
of the gland along the posterior half of the gland in this 
study. Ongoing phase 1 multi-center trial across three 
sites to evaluate MR-guided transurethral whole gland 
ablation has completed enrollment of 30 patients, and 
the 12-month results are due in 2015. Preliminary results 
show it to be a safe and feasible technique with low 
side-effect profile.[80]

MR‑guided focal cryoablation
Transrectal ultrasound-guided percutaneous prostate 
cryoablation was first described by Onik et al. in 1993.[81] 
However, the ice ball is not visualized under ultrasound 
guidance because of the shadowing artifact from the 
posterior margin of the ice ball once the cooling process is 
initiated. This makes it somewhat of a “blind” procedure and 
increases the potential for complications such as urtheral 
or rectal fistula.

In-bore MRI-guided focal cryoablation allows real-time 
visualization of ice ball formation with the added benefit of 
the spatial resolution provided by MRI, which is paramount 
to identify the sensitive surrounding structures, such as 
rectal wall, ureters, urethra and external urinary sphincter. 
A hyperintense rim can be seen progressing at the margin 
of the ice ball, which is caused by shortening of T1 and 
seen in areas cooled to <20°C but as yet not frozen.[82] This 
allows monitoring of the ice ball growth in near real time 
with T1-weighted gradient echo MRI.[83] MR thermography 
information is less accurate from cooling tissue and hence not 
used for real-time monitoring of the thermal damage. Also, 
susceptibility artifacts are seen at the interface between the 
ice ball and normal tissue, which hinders thermal mapping. 
T2W-BLADE sequence, with its reduced sensitivity to 
movement, was used to monitor the ice ball in one study.[84] 
As in other in-bore prostate interventional procedures, 
T2-weighted true fast imaging with bSSFP can be used for 
confirming the final position of the cryoprobes.

Three studies have been recently published documenting 
feasibility of MR-guided cryoablation in a different cohort 
of patients.[83-85] Gangi et al.[84] assessed the feasibility of 
whole gland cryoablation in 11 patients, eight with newly 
diagnosed PCa and three for salvage therapy following 
radiation therapy. They placed four to seven cryoprobes 
transperineally under MRI guidance with an intent to 
ablate the entire gland. The procedure was performed in 
the supine position. Urethral and rectal warmers were 
used in most of the cases and two freeze–thaw cycles were 
performed in all treatments. The reported procedure time 
was from 2 to 4.5 h and the mean hospital stay was 5 days. 
One of the initial patients in the study in whom the rectal 
warmer was not used developed a recto–urethral fistula, 
which healed in 3 months. They concluded that MRI allows 
precise positioning of the cryoprobes and excellent 3D 
monitoring of the ice ball growth, thereby overcoming the 
two limitations of ultrasound guidance. In another study, 
Woodrum et al.[85] treated 18 patients with local recurrence 
after radical prostatectomy (six of these patients had salvage 
radiation therapy and subsequent recurrence) in a 1.5T 
wide-bore MR magnet. Two or three freeze–thaw cycles 
were performed in this cohort of patients. They reported 
better oncologic results in the group who were treated with 
three freeze–thaw cycles.

Figure 3: MR-guided focused ultrasound therapy treatment. A 64-year-old male 
with biopsy-confirmed Gleason 6 prostate carcinoma. Intra-operative axial ADC 
map prior to heating shows the endorectal focused ultrasound device steered 
to the direction of the tumor (arrow)
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Bomers et al.[83] reported the feasibility of MR-guided 
cryoablation in 10 patients with locally recurrent PCa after 
radiation therapy. Unlike the other two studies cited above, 
they evaluated focal treatment, ablating only the lesion 
with margins in order to keep complications at a minimum. 
The patients were treated under general anesthesia. The 
median focal tumor size was 20 mm and the treatment 
time was 210.5 min, very similar to our own initial study[75] 
that treated four patients with transrectal MRgFUS. The 
investigators reported a steep learning curve and that the last 
two procedures in their study took substantially less time. 
All patients were discharged one to two days following the 
treatment. Three patients had recurrent/residual disease at 
the margin of the treated area in the first 12 months and 
were retreated. Urinary stricture was noted in one patient.

Apart from the treatment modalities described above, 
there are other techniques such as microwave ablation[86] 
and photodynamic therapy,[87] which have used MRI for 
planning and follow-up for PCa therapy, but the procedures 
have been performed under ultrasound guidance in most 
studies. More recently, early studies on focal irreversible 
electrophoration[88] for PCa under ultrasound guidance 
have been performed using MRI imaging for planning 
and follow-up. Given the excellent spatial resolution 
and the multiplanar capability of MRI, the feasibility of 
irreversible electroporation techniques for PCa therapy may 
also be assessed in-bore, in a similar manner to cryoablation, 
to increase the procedure safety.

The increased costs associated with performing focal therapy 
in the MRI magnet remain a disadvantage. Other limitations 
include need for MR-compatible materials, time availability 
on the MRI machine and the limited amount of working 
space for the physician when performing these procedures 
in the MR system. Use of newer wider bore MRI systems 
and dedicated MRI interventional suites in the future 
would make it easier for the physicians to work in the 
MRI environment. Also, use of MRI-compatible robotic/
mechatronic systems, as highlighted in some of the recent 
studies, may also help to speed up the treatment and thereby 
decrease the overall costs of the treatment.

CONCLUSION

Advances in prostate MRI have opened up opportunities 
for targeted diagnosis and treatment of PCa. Real-time 
MRI thermometry feedback during treatment and the 
spatial resolution provided by MRI are added advantages 
of treating in the MRI suite, making it ideally suited for 
targeted therapeutics. At this time, MRgFLA and MRgFUS 
techniques appear to be the most promising of the available 
in-bore techniques for the primary treatment of focal 
PCa. While MRgFLA has the advantage of being precise 
and interstitial with lower cost of the integrated system, 
MRgFUS is a non-invasive technique. Initial phase 1 in-bore 

studies for focal therapy of PCa have shown promising 
results, although larger phase II multi-center trial results 
are awaited for assessing widespread clinical application.
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