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INTRODUCTION
Traditionally, definitive treatment of a prostate tumor 
includes whole gland therapy, regardless the size or loca-
tion of the tumor. Whole gland prostate cancer treatments 
includes radical prostatectomy (RP) or radiation therapy 
(RT) and is used for treating intermediate- to high- risk 
prostate cancer. Patients with low- risk prostate cancer 
mostly opt for an active surveillance policy.1 Despite the 
radical nature of these elaborate approaches, 40% of the 
patients undergoing definitive therapy will develop a 
biochemical recurrence.2,3 Furthermore, whole gland treat-
ment also comes with treatment- related complications and 
side- effects which results in decreased functional outcome 
measurements.4,5

In the last decade, several minimal- invasive treatment 
strategies are emerging. These treatment methods aim for 
local destruction of cancerous cells using various sources 
of energy.6 The main advantage of these techniques is that 
preservation of the adjacent structures more likely because 
of the minimal- invasive approach and consequently 

treatment- related complications and morbidity could be 
reduced.7 Recent studies demonstrate that post- treatment 
prognosis is predominantly driven by the largest lesion with 
the highest grade, the so- called “index lesion”.7,8 Treatment 
approaches which preserve parts of the prostatic gland are 
considered as partial gland ablation and include “hockey 
stick” ablation, hemi- ablation, and focal ablation. Conse-
quently, imaging plays an important role in detection, 
localization, targeting and monitoring partial gland pros-
tate cancer treatments.

Multi  parametric magnetic resonance imaging (mpMRI) 
is preferred in detecting and staging prostate cancer due 
to excellent soft tissue contrast and multiplanar anatom-
ical imaging.9,10 It is also used to differentiate between 
post- treatment changes and potential recurrent or residual 
disease.11 As such, secondary treatment can be promptly 
established.12 More recently, mpMRI has gained accep-
tance in image- guided therapeutic settings since it offers 
real- time anatomical imaging in different planes and 
therefore improved treatment accuracy.13 Furthermore, 

Received: 
07 June 2021

Accepted: 
04 October 2021

Revised: 
01 October 2021

https://doi.org/10.1259/bjr.20210698

ABSTRACT

Whole gland prostate cancer treatment, i.e. radical prostatectomy or radiation therapy, is highly effective but also 
comes with a significant impact on quality of life and possible over treatment in males with low to intermediate risk 
disease. Minimal- invasive treatment strategies are emerging techniques. Different sources of energy are used to aim for 
targeted treatment in order to reduce treatment- related complications and morbidity. Imaging plays an important role 
in targeting and monitoring of treatment approaches preserving parts of the prostatic tissue. Multi parametric magnetic 
resonance imaging (mpMRI) is widely used during image- guided interventions due to the multiplanar and real- time 
anatomical imaging while providing an improved treatment accuracy. This review evaluates the available image- guided 
prostate cancer treatment options using MRI or magnetic resonance imaging/transrectal ultrasound (MRI/TRUS)- 
fusion guided imaging. The discussed minimal invasive image- guided prostate interventions may be considered as safe 
and feasible partial gland ablation in patients with (recurrent) prostate cancer. However, most studies focusing on mini-
mally invasive prostate cancer treatments only report early stages of research and subsequent high- level evidence is 
still needed. Ensuring a safe and appropriate utilization in patients that will benefit the most, and applied by physicians 
with relevant training, has become the main challenge in minimally invasive prostate cancer treatments.
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it can provide real- time temperature imaging. However, using 
MRI during prostate cancer treatment can be time- consuming, 
expensive and the availability is limited to centers with experi-
enced (interventional) radiologists and urologists. Therefore, 
magnetic resonance imaging/transrectal ultrasound (MRI/
TRUS)- fusion guided treatments in which previously obtained 
mpMRI is cognitively or software- assisted fused with real- time 
TRUS images are more and more performed. Using MRI/TRUS 
fusion has the benefit of relatively low- costs because no MRI- 
compatible equipment and extra MR- scanner time are needed 
and it is readily available compared to the use of MRI. However, 
accurate alignment of the MR images is essential for a successful 
image registration and some MR reading experience is needed 
for accurate interpretation of the images.

The aim of this review is to provide an overview of the available 
techniques for image- guided prostate interventions using MRI 
and MRI/TRUS- fusion imaging. Table 1 presents an overview of 
the described image- guided intervention methods.

Laser therapy
Prostate cancer treatment using focal laser ablation (FLA) or 
Laser Interstitial Thermo Therapy (LITT) is based on thermal 
ablation. An optical laser fiber is applied within the cancerous 
tissue by either a transrectal or transperineal approach. Energy 
provided by the laser raises the temperature of the targeted tissue 
above 60°C, this results in direct focused cell death. The number 
of ablations that is needed to cover the targeted area depends 
on the volume of the intended lesion and the type of laser fiber 
that is used. The total procedure time depends on the number of 
ablations that is needed, with an average of only a few minutes 
per fiber position. This results in short procedure times and a 
fast post- treatment recovery. Most importantly, secondary inter-
ventions (i.e. repeat FLA or radical treatment) remain a viable 
option after initial treatment with FLA.

The treatment can be performed under either MRI-, TRUS- or 
MRI/TRUS- fusion guidance. When performing the FLA proce-
dure under MRI guidance, real- time MRI temperature mapping 
can be used. This allows real- time feedback of the heat distribu-
tion within the prostatic tissue and contributes to a constrained 
impact on adjacent structures which results in preserving 
urinary and sexual function. During TRUS- and MRI/TRUS 
fusion- guided treatments, temperature sensors can be used to 
measure the temperature near critical structures. Consequently, 
FLA has become a targeted and predictable, minimally invasive 
prostate cancer intervention that can be used in carefully selected 
patients.

Transperineal FLA is mostly performed under general or 
spinal anesthesia, where patients are placed in a lithotomy 
position. The laser fibers are usually placed with the help of 
a transperineal template grid. Transrectal FLA is commonly 
performed under local anesthesia or under sedation as an 
outpatient procedure, where patients are placed in prone 
position. Figure  1 shows the images of a patient that under-
went a transrectal FLA procedure. Currently, the Visualase 
system (Biotex/ Medtronic, Houston, Texas) is mostly used 

as the laser system, however other systems (i.e. Biolitec, CLS) 
become available for FLA.

The use of FLA appears to be a safe and feasible option for 
patients with MRI- visible and biopsy- proven localized low- 
to intermediate- risk prostate cancer who are eligible for both 
active surveillance (AS) or radical treatment,14 but can also 
be used in a salvage setting.15 A recent study by Walser et al 
demonstrated a freedom of retreatment rate of 83% after a 1 
year follow- up in a group of 120 men with low- to intermediate- 
risk disease that underwent transrectal FLA with no signifi-
cant changes in quality of life or sexual and urinary function.16 
Despite recent studies demonstrating large numbers of low- 
and intermediate- risk disease, the long- term follow- up is still 
lacking, and therefore patient selection and eligibility criteria 
need to be carefully evaluated based on which patients will 
benefit the most.17–19

Cryoablation
Cryoablation is based on the administration of alternating freeze 
and thaw cycles which will induce cell death and subsequently 
destruction of the targeted tissue. Tissue injury mainly occurs by 
cellular dehydration due to the decreased temperature (−40°C) 
of extracellular water and results in an osmotic gradient followed 
by coagulative necrosis, thrombosis and tissue ischemia. The 
process is enhanced by intracellular formation of ice crystals, 
causing a complete cell disruption.20

Cryoablation is performed under general or spinal anesthesia 
with the patient placed in lithotomy position. Traditionally, the 
cryoprobes are transperineally inserted using TRUS guidance 
as it allows real- time feedback on probe positions as well as ice- 
ball formation. The number of cryoprobes needed depends on 
the size and shape of the intended ablation zone as well as the 
type of probe that is used. Nowadays, two prostate cryotherapy 
systems are used (Visual- ICE® by Galil Medical, Inc and Endo-
care Cryocare SL® by HealthTronics, Inc.).21 Monitoring the ice- 
ball formation using TRUS is limited due to acoustic shadowing. 
Consequently, the completed coverage of the ice- ball remains 
unknown, which may lead to detrimental freezing of the adja-
cent structures.

Therefore, MRI- guidance gained acceptance in the last decade. 
MR imaging allows extended visualization of the ablation zone 
due to the possibility of multi planar imaging and the excellent 
contrast between ice- ball formation and surrounding tissues.22 
Next to this, the hyperintense rim around the ice- ball represents 
with the 0 degree border and can be useful to maintain a safety 
margin from critical structures during freezing.23 Figure  2 
demonstrates a patient undergoing MRI- guided cryoablation.

Conventionally, cryoablation is used as whole gland treatment 
for localized prostate cancer. However, the use of cryoablation as 
a partial gland or targeted approach is emerging. Mendez et al24 
found that males with low- risk prostate cancer undergoing focal 
cryoablation accomplish similar mid- term oncological results 
with improved erectile function recovery compared to whole 
gland cryotherapy.
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Furthermore, the role of cryoablation as an alternative salvage 
treatment in patients with local recurrence after radiation 
therapy is increasing.25,26 However, despite the promising results, 
appropriate patient selection and follow- up after focal cryoabla-
tion remaifocns controversial.

High-intensity focused ultrasound
High- intensity focused ultrasound (HIFU) is a rapidly growing 
minimal non- invasive partial gland treatment option. Energy 
from a high- frequency ultrasound transducer (Sonablate™; 
Ablatherm™; or FocalOne™) is used to heat (>60°C) and destroy 
the targeted prostatic tissue. The focused ultrasound pulses 
induce immediate and irreversible tumor necrosis and cause 
cavitation with sharply delineated margins. A HIFU procedure 
is performed under local or general anesthesia while using real- 
time TRUS, MRI or MRI/TRUS- fusion guidance for positioning 
and monitoring of the transrectally inserted probe. The damage 
that is caused by using HIFU is limited to the heated tissue, there-
fore it aims to lower the risk of treatment related side- effects 
while preserving quality of life and potency.27 This also allows 
secondary treatment using HIFU or additional radical salvage 
therapy if necessary.28 Because the penetration depth of the HIFU 
pulses is limited, HIFU is considered less suitable for large pros-
tates (>40 cc) or for anterior tumors. Sometimes, a transurethral 
resection of the prostate (TURP) is performed before HIFU to 
diminish the prostate volume and to make the prostate eligible 
for HIFU- treatment.29

To date, HIFU is mostly used as focal prostate cancer treatment 
in both de novo prostate cancer as well as a salvage therapy. It 
appears to be a feasible option with an acceptable survival and 
oncological outcome in the medium term (5 years) for patients 
with clinically significant nonmetastatic disease.30,31 The onco-
logical outcomes demonstrate an improvement over time, indi-
cating that selection criteria and expertise of the physician are 
pivotal in the application of focal HIFU.

Transurethral ultrasound ablation
MRI- guided transurethral ultrasound ablation (TULSA) is a 
novel procedure using the TULSA- PRO® technology. It combines 
MR- based treatment planning and real- time monitoring with ther-
mometry while ablating prostate tissue using transurethral thermal 
ultrasound.32–34 By inducing thermal coagulation of the prostatic 
tissue, TULSA can deliver accurate and precise whole gland or 
partial gland ablation. Treatment with TULSA differs from HIFU 
by delivering a continuous targeted ultrasound beam directly from 
the urethra, rather than various transrectal focused ultrasound 
spots. The TULSA- PRO® technology includes a urethral applicator 
with a linear array of 10 ultrasound transducers that provides a 
beam of focused energy into the prostatic tissue in order to achieve 
a temperature of >55°C in the targeted tissue. The urethral appli-
cator and endorectal cooling device facilitate periurethral and rectal 
preservation by active water cooling.35 The TULSA procedure can 
be performed as outpatient procedure and requires general or 
spinal anesthesia. Figure  3 displays the MR- imaging of a patient 
that underwent MRI- guided TULSA. The total procedure from 
patient positioning to recovery takes almost 4 h with an ablation 
time of approximately 1 h. Half of the patients can be discharged 
from the hospital on the day of treatment.36

A large prospective multicenter study by Klotz et al36 describes 
whole gland MRI- guided transurethral ultrasound ablation in 115 
men with predominately intermediate- risk prostate cancer. While 
sparing the urethra and apical sphincter, the MRI- guided TULSA 
demonstrated PSA reduction combined with a low morbidity- 
rate. Targeted sampling of the treatment area during the 1- year 
follow- up demonstrates no residual or recurrent tumor in almost 
80% of the patients. TULSA also benefits the preservation of the 
adjacent tissues with a relatively low risk of functional problems. 
None of the patients had a rectal injury, 96% returned to base-
line urinary continence and 75% of potent males maintained or 
returned to erections sufficient for penetration. Recently, Attinen 
et al37 showed promising early- stage oncological control and low 

Figure 1. Transrectal focal laser ablation MRI of a 69- year- old male with an initial PSA of 14.5 ng ml−1 that underwent transrectal 
FLA as treatment for a de novo lesion (Gleason score 3+4=7) at the left peripheral zone (PI- RADS 4). (a) Axial T2W imaging of 
the apex with the prostate tumor (red circle) at the left peripheral zone; (b) Intra procedural axial T2W imaging of the apex with 
the laser fiber (green arrow) in situ; (c) Axial T1W directly after treatment shows the ablation zone (yellow circle). FLA, Focal laser 
ablation; PI RADS, Prostate imaging- reporting and data system; PSA, Prostate specific antigen; T1W, T1 weighted- imaging; T2W, 
T2 weighted imaging.
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toxicity in patients undergoing TULSA as salvage treatment for 
local recurrence after primary radiation. 90% of the patients were 
free of disease in the targeted ablation area one year after treatment.

Despite the promising results, further studies on long- term 
oncological outcome and treatment- related side- effects are 
still warranted. Moreover, studies investigating the potential of 
focal TULSA are still ongoing and the results have not yet been 
published.

Photodynamic therapy
Photodynamic therapy (PDT) is a minimally invasive prostate 
cancer treatment. Its principle is based on three main compo-
nents: a photosensitizer, light, and tissue oxygen. After local 
administration in the prostate, a photosensitizing drug is 

activated by low- power laser light delivered by optical fibers. The 
optical fibers are placed under TRUS or MRI/TRUS guidance 
using a needle and a perineal template as guidance. Transfer of 
energy from the activated photosensitizing drug to biological 
substrates or molecular oxygen, generates reactive oxygen species 
which induces cell death by apoptosis or necrosis.38 Conse-
quently, PDT has shown to initiate selective cytotoxicity towards 
malignant cells and subsequently leads to malignant cell death.39 
The commonly used photosensitizers differ in form of admin-
istration (intravenous, oral or topical), wavelength required 
for activation (405–763 nm) and targeted tissue (tissue- based 
or vascular acting).40 However, photosensitivity and phototox-
icity are important factors associated with PDT and need to be 
considered as main limitations. The intracellular accumulation of 
the photosensitizing drug inside of cells might lead to increased 
susceptibility to prolonged phototoxicity, resulting in an extreme 
sensitivity to ultraviolet (UV)- rays from the sun and other light 
sources.40

Photodynamic therapy has the potential to be very targeted and 
provides a single session treatment, nevertheless it can also be 
used in primary (whole gland) or salvage settings.41 Compared 
to active surveillance, PDT demonstrated to be a safe and an 
effective tissue- preserving approach for low- risk localized pros-
tate cancer. In these cases, PDT may even defer or avoid radical 
therapy.42,43 Nowadays, studies are mainly focusing on applying 
PDT as treatment of localized advanced prostate cancer and 
isolated metastases.44,45 Treatment of advanced prostate cancer 
using PDT has the potential to establish annihilation of the malig-
nant tissue and reduce damage to adjacent structures. The onco-
logical efficacy of PDT on androgen- refractory prostate cancer 
is especially important for prostate tumors or patients resistant 
to hormonal therapy.46 The use of PDT also appears suitable for 
organ confined recurrent prostate cancer after radiation therapy, 
destroying essentially all glandular tissue within the prostate 
under precise light dosimetry with only a few complications.47 
However, the chronic and cumulative toxicity that is associated 
with radiation therapy does not occur during PDT. More impor-
tantly, PDT can be applied to already irradiated prostatic tissue.

Radiofrequency ablation
Radiofrequency ablation (RFA) or radiofrequency interstitial 
tumor ablation (RITA) is an innovative targeted treatment that 
precisely delivers low- dose radiofrequency waves directly to 
cancerous tissue. The targeted tissue is irreversibly destroyed 
by the established coagulative necrosis and atrophy.48 Prostate 
cancer treatment using RFA can be an effective and safe option 
for patients with clinically localized prostate cancer as well as 
patients with non- metastatic recurrent disease.49 It is used as 
primary or salvage therapy for cancers that are not eligible for 
surgical removal and a common treatment option in case of 
therapy- resistant tumors.

Traditionally, RFA is performed under general or spinal anes-
thesia, where patients are placed in a gynecological position 
for a transperineally approach. A transurethral catheter is 
needed to improve ultrasonographic visualization. The needles 
are placed under TRUS or MRI/TRUS fusion guidance while 

Figure 2. Cryoablation MRI of a 77- year- old male with an 
initial PSA of 11.4 ng ml−1 that underwent EBRT in 2012 as 
treatment for a de novo lesion (Gleason score 4+4=8) at 
the right peripheral zone. During follow- up, the serum PSA 
levels increased from 1.1 to 2.7 ng/ml. Multiparametric MRI 
demonstrated a recurrent lesion at the right peripheral zone 
(PI- RADS 4). Patient underwent cryotherapy for a recurrent 
Gleason score 4+5=9 prostate tumor. (a) Axial T2W imag-
ing demonstrates the prostate tumor in the right peripheral 
zone (red circle); (b) Intra procedural axial T1W imaging with 
two cryo needles in situ (green arrows); (c) Axial T1W imag-
ing directly after treatment demonstrates the ablation zone; 
(d) Axial T2W imaging 1 year after treatment shows the cov-
ered area (yellow circle). Serum PSA- levels have decreased to 
0.5 ng ml−1 and targeted biopsy of the treatment zone showed 
no residual disease. PI- RADS, Prostate imaging- reporting and 
data system; PSA, Prostate specific antigen; T1W, T1 weighted 
imaging; T2W, T2 weighted imaging.
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using a transperineal template grid. A generator (RITA Medical 
Systems Inc, California) provides monopolar or bipolar radiofre-
quency energy up to 50 W at a frequency of 480 kHz.50 Recently, 
Orczyk et al51 reported on focal MRI/TRUS fusion- guided 
bipolar radiofrequency ablation for clinically significant prostate 
cancer visible on mpMRI in a group of 20 patients. This bipolar 
“Encage” system (Trod Medical, Bradenton, FL) uses a novel 
asymmetrical coil which creates a precise uniform zone of coag-
ulative necrosis. 6 months after treatment, 80% (n = 16) was free 
of clinically significant prostate cancer on targeted transperineal 
biopsy. Absence of erectile dysfunction was seen in 91.7% of the 
patients with no erectile dysfunction at baseline. The return to 
baseline mainly occurred during the first 6 weeks after treat-
ment. Scores for intercourse satisfaction, sexual desire, overall 
sexual satisfaction and orgasmic function did not demonstrate 
any changes. In 89% (16/18) of the males with no urinary incon-
tinence at baseline the absence of urinary incontinence remained 
after treatment. Furthermore, they reported no change in lower 
urinary tract symptoms, bowel habit, general health and pros-
tate related quality of life. The use of focal RFA is a feasible and 
safe treatment option for patients with localized prostate cancer. 
However, further research with extended follow- up is needed to 
evaluate oncological efficacy and treatment related side- effects.52

Irreversible electroporation
Irreversible electroporation (IRE) is a relatively novel non- 
thermal ablation technique where micro- to millisecond elec-
trical pulses travel between transperineally inserted electrodes.53 
The electrical pulses produce irreversible cell membrane perme-
abilization which causes apoptosis of the cells. Therefore, it only 
affects the cell membrane while preserving the surrounding 
tissues and the extracellular matrix.

IRE procedure is performed under general anesthesia and deep 
muscle paralysis using TRUS or MRI/TRUS–fusion technique 
for electrode placement. Patients are positioned in lithotomy 

position and a transurethral urinary catheter needs to be placed. 
The positioning and guidance of the electrodes requires a tran-
sperineal template grid. Most IRE procedures are performed by 
using a widely available IRE generator with planning software 
(NanoKnife; Angiodynamics, New York, NY). The average 
procedure time using IRE is approximately 1 h.54

Multiple Phase I–II studies have shown that IRE is a safe and 
feasible focal treatment option with a low morbidity rate in both 
primary and salvage diseases.54–56 Blazevski et al57 demonstrated 
a disease- free survival rate of 97.3% in 123 patients with local-
ized clinically significant prostate cancer. They also defined that 
the ideal patient should have a biopsy proven intermediate- risk 
localized prostate cancer with a unifocal lesion on mpMRI. A 
study by Collettini et al58 showed a similar cancer- free survival 
rate of 82% 6 months after IRE. 1- year follow- up data demon-
strated a significant reduction in the serum PSA- levels, a stable 
urogenital function, and a leak- and pad- free continence rate of 
96.3%. Remarkably, Scheltema et al59 experienced more early 
oncological failure after IRE in a study that compared IRE (n 
= 50) to robot- assisted radical prostatectomy (RARP) (n = 50). 
However, they demonstrated superior preservation of pad- free 
continence (UC) and erections sufficient for intercourse (ESI) 
in the group that underwent IRE. 12 months after treatment, 
urinary symptoms had been reduced for both groups, although 
the patients undergoing IRE initially had more urinary symp-
toms directly after treatment. Additionally, males with a poor 
baseline functioning are more likely to develop erectile dysfunc-
tion after IRE. Despite the promising oncological outcomes, 
long- term follow- up data of oncological efficacy and treatment- 
related complications and side- effects is currently not available.

Brachytherapy
The principle of brachytherapy (or internal radiation therapy) 
is based on radioactive seeds that are implanted within the 
prostatic tissue under image guidance. Brachytherapy can be 

Figure 3. Transurethral ultrasound ablation MRI of a 69- year- old male with an initial PSA of 6.0 ng ml−1. Patient underwent MRI- 
guided whole gland TULSA as treatment for a Gleason score 3+4=7 lesion at the right peripheral zone (PI- RADS 5). (a) Axial T2W 
imaging with the prostate tumor (red circle) at the right peripheral zone; (b) Axial T1W imaging directly after TULSA demonstrates 
the non- enhancing treatment area with post- treatment edema; (c) Sagittal T2W imaging 1 year after the TULSA, demonstrating 
complete removal of the prostate while the urethra has been spared (green arrow). PI- RADS, Prostate imaging- reporting and data 
system; PSA, Prostate- specific antigen; T1W, T1 weighted imaging; T2W, T2 weighted imaging; TULSA, Transurethral ultrasound 
ablation.
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distinguished by high- dose rate therapy (HDR) or low- dose rate 
therapy (LDR). High- dose rate brachytherapy is delivered in a 
brief treatment session where radioactive pellets are temporarily 
inserted. This results in accurate dosimetry as it allows modu-
lation of the source dwell time and implant position. Alterna-
tively, LDR brachytherapy allows definitive implantation of tiny 
radioactive titanium seeds and is more commonly used as it is 
most suitable for low- risk prostate cancer in low volume prostate 
tissue. Figure 4 demonstrates the MR- imaging of a patient that 
underwent brachytherapy.

Brachytherapy can be used as whole gland or partial gland treat-
ment of a prostate tumor with fewer side- effects than, i.e. EBRT 
due to a specific distribution of high dose radiation.60 However, 
brachytherapy may also be combined with EBRT in order to 
improve prostate cancer treatment.61 Partial gland therapy 
using brachytherapy is mainly performed transperineally under 
either MRI or MRI/TRUS- fusion guidance while using a biopsy 
template.62,63 During treatment under local, spinal or general 
anesthesia, the patient is placed in lithotomy position and a 
transurethral foley catheter is inserted. In case of cognitive or 
rigid fusion systems, the mobility and deformation of the pros-
tate influence the precise targeted area, Therefore, the implanta-
tion of brachy seeds using elastic fusion registration is evaluated. 
This ultra- focal HDR brachytherapy, uses a single ancillary ultra-
sound visible marker that is transrectally inserted within or close 
to the targeted region prior to routine brachytherapy.62 A recent 
study by Graff et al62 researched precision delivery of therapeutic 
radiation doses to small tumor lesions on mpMRI.

Mid- term results of treatment with MRI- guided brachytherapy 
indicate that it is feasible to treat tumors, while limiting toxicity 
and preserving quality of life.63 Most importantly, targeted lesions 
in the base of the prostate are more likely correlated with urinary 
symptoms compared to lesions located in the apex during early 
follow- up after focal brachytherapy.64 Focal brachytherapy is an 
emerging prostate cancer treatment which still requires further 
evaluation to conquer imprecision in the definition of the target 

(location, shape, and volume) and to ensure collaboration 
between the imaging modalities required for targeted treatment.

Radiation therapy
Radiation therapy (RT) is generally used as radical treatment 
for localized prostate cancer in males not eligible for surgery.65 
External beam radiotherapy (EBRT) and its hypofractionation 
equivalent, stereotactic body radiation therapy (SBRT), are 
currently widely used in approximately one- third of patients 
with localized (cT1c- T3N0M0) prostate cancer.66 However, 
safe delivery of the intended fraction for tumor tissue in the 
abdominal and pelvic region is limited due to inter- and intra-
fractional organ movement. The use of MR- guided radiotherapy 
(MRgRT) as stereotactic therapy allows for greater accuracy of 
fraction delivery using better soft- tissue contrast, real- time MR 
imaging for direct tracking and daily online adaptive planning 
software.67 This will improve cancer outcome while reducing the 
risk of treatment- related toxicity and additional radiation expo-
sure.68 To date, two commercially available systems are used: 
Elekta Unity (Elekta AB, Stockholm, Sweden) using 1.5 Tesla, 
and Viewray MRIdian MR Linacs (Viewray Inc, Oakwood, OH) 
using a 0.35 Tesla MRI.69

Magnetic resonance- guided radiotherapy has shown promising 
results as a safe and tolerable prostate cancer treatment.70,71 The 
average MRgRT dose delivery takes approximately 45 min and 
has dosimetry benefits over other forms of radiotherapy.72 A 
Phase- II study (n = 101) reported a low incidence of early gastro-
intestinal and genitourinary toxicity using both clinician- and 
patient- reported outcome measurements in patients with local-
ized prostate cancer undergoing MRgRT.71 Follow- up data of 
one study provide extended toxicity information with symptoms 
no longer present 12 months after treatment.72 However, studies 
in a large cohort of patients and long- term follow- up regarding 
oncologic outcomes are lacking.

CONCLUSION
This review provides an overview of image- guided prostate 
cancer treatment options while using MR-, TRUS- or MRI/
TRUS fusion imaging. Minimal invasive, image- guided pros-
tate interventions may be considered as a viable partial gland 
ablation option compared with the current, standard treatment 
options in patients with organ confined low- to intermediate- risk 
prostate cancer (recurrence). Correct utilization of a treatment 
in patients that will benefit the most while ensuring a safe and 
responsible application by physicians has become the main chal-
lenge. Majority of the studies focusing on minimally invasive 
prostate cancer treatments only report early stages of research 
and high- level evidence is still lacking. Despite the promising 
results and emerging evidence, definite proof of oncological effi-
cacy compared to radical treatment using randomized controlled 
trials is required.
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