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Case 1 Presentation (Dr Mostafa Alabousi)

A 65-year-old male patient presented with an elevated
prostate-specific antigen (PSA) level and mildly enlarged
prostate at digital rectal examination. Multiparametric
MRI (mpMRI) of the prostate demonstrated a suspicious
lesion (Fig 1). Subsequent MRI-guided targeted and sys-
tematic biopsies demonstrated localized grade group (GG)
2 prostatic adenocarcinoma.

The patient proceeded with a minimally invasive fo-
cal therapy (FT) with MRI-guided laser ablation (Fig 2),
without significant postprocedural complications. PSA,
mpMRI, and biopsy were negative for prostate cancer
(PCa) at 6- and 24-month follow-up. Urinary and sexual
function was preserved at 24 months. Overall, favorable
oncologic and functional outcomes were achieved without
the need for salvage therapy at 2 years.

Case 2 Presentation (Dr Mostafa Alabousi)

A 72-year-old male patient presented with an elevated PSA
level. mpMRI demonstrated a suspicious lesion (Fig 3).
MRI-guided targeted and systematic biopsies demon-
strated GG2 adenocarcinoma. MRI-guided high-intensity
focused ultrasound (HIFU) treatment was performed via
transrectal approach, without significant postprocedural
complications (Fig 4). At 24-month follow-up mpMRI,
a suspicious lesion was identified in the treatment zone
(Fig 4), and a targeted biopsy demonstrated disease recur-
rence at the posterior margin of the original tumor, neces-
sitating salvage radiation therapy.

Case Discussion (Dr Sangeet Ghai and Dr
Masoom A. Haider)

PCa is one of the most common malignancies affecting
men (1). Disease grade and extent can significantly impact
patient morbidity and mortality (2). As a result, the use
of TNM staging, grade (Gleason score), and PSA levels is
critical for risk stratification and management of PCa (3—

7). Table 1 provides a breakdown of the GG and Gleason
score classification for PCa (4).

Whole-gland  treatment options, including radical
prostatectomy and pelvic radiation therapy, are defini-
tive approaches for organ-confined PCa management (8).
However, they can result in significant morbidity: Erectile
dysfunction occurs in more than half of patients treated
with radical prostatectomy and radiation therapy, while
many experience long-term urinary dysfunction (9). At 5
years after diagnosis, up to 14% of men experience treat-
ment-related regret following whole-gland therapy, gen-
erally related to posttreatment functional outcomes and
patient expectations (10). In contrast, active surveillance
removes the morbidity of whole-gland therapies without a
significant effect on oncologic outcomes for most low-risk
and some favorable intermediate-risk PCa (11,12). A small
risk of disease progression remains with active surveillance,
and it is not considered standard-of-care management for
intermediate-risk PCa (11,12).

The 2022 American Urological Association/American
Society for Radiation Oncology guidelines (3) for localized
PCa note that minimally invasive FTs may be considered
for low- and intermediate-risk—but not high-risk—PCa,
with satisfactory clinical outcomes and reduced morbid-
ity compared with whole-gland therapies (13). The objec-
tive of FT is to eradicate all identified clinically significant
PCa (csPCa) lesions, while minimizing treatment of nor-
mal prostatic tissue and surrounding structures, including
the sensitive neurovascular bundles and urinary sphincter,
when achievable (14,15). This approach reduces postproce-
dure recovery times and risk of injury to sexual and urinary
function compared with whole-gland therapies (16,17).
Essentially, FTs offer the chance of curing csPCa, unlike
active surveillance, with improved morbidity compared
with whole-gland therapies; however, long-term studies are
still required to assess whether there is an impact on onco-
logic outcomes. Furthermore, salvage whole-gland therapy
may still be performed if FT is unsuccessful.
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Abbreviations

csPCa = clinically significant PCa, FDA = Food and Drug Adminis-
tration, FT = focal therapy, GG = grade group, HIFU = high-inten-
sity focused ultrasound, MRgFLA = MRI-guided focal laser ablation,
MRgFUS = MRI-guided focused ultrasound, MRgTULSA = MRI-
guided transurethral ultrasound ablation, mpMRI = multiparametric
MRI, PCa = prostate cancer, PSA = prostate-specific antigen

Summary

MRI-guided minimally invasive therapies for localized prostate cancer
in appropriately selected low- and intermediate-risk patients produce
good oncologic outcomes with better quality-of-life outcomes com-
pared with whole-gland therapies.

Teaching Points

s MRI-guided minimally invasive focal therapies (FTs) have shown
reasonable oncologic and functional outcomes in the treatment
of low- and intermediate-risk prostate cancer (PCa) in short-term
follow-up.

= MRI-guided FTs, unlike active surveillance, offer a chance of
curing PCa and have lower morbidity (eg, erectile dysfunction,
urinary incontinence) than whole-gland treatment.

s Compared with US guidance, MRI guidance for FTs enables more
selective targeting of clinically significant PCa and real-time ther-
mometry monitoring of the treatment zone.

= Energy sources for MRI-guided minimally invasive therapy for
PCa include high-intensity focused ultrasound, cryoablation, and
laser ablation.

= Other uses of MRI-guided FTs have also been explored, including
in benign prostatic hyperplasia and salvage therapy for PCa recur-
rence.

Table 2 illustrates general inclusion and exclusion criteria
for determining which patients with PCa are candidates for
FT (18). While the intent of FT may be to target the index
lesion (ie, the “dominant” lesion in terms of grade and size),
PCa is often a multifocal disease (15,19). The sensitivity and
negative predictive value of mpMRI for secondary foci are
limited, with about half of secondary csPCa lesions being
missed (20). Thus, systematic biopsy may be important prior
to FT, especially in higher-risk patients.

In terms of imaging guidance for PCa FT, US or MRI may
be utilized, and each modality presents benefits and drawbacks.
Overall, MRI guidance enables more effective targeted therapy
and normal tissue preservation (21). Energy sources for FT
include HIFU, high-intensity directional ultrasound, cryoab-
lation, irreversible electroporation, and laser ablation, among
others (22). This article reviews the treatment approaches and
techniques, as well as oncologic and functional outcomes of
MRI-guided minimally invasive FT for localized PCa.

MRI versus US Guidance

Minimally invasive FT for localized PCa was first performed un-
der US guidance via transrectal approach with multiple devices
approved by the U.S. Food and Drug Administration (FDA)
(Ablatherm Integrated Imaging and Focal One, EDAP Tech-
nomed; Sonoblate HIFU, Sonoblate). However, MRI guidance
has emerged as an alternative method performed via a transrectal,
transurethral, or transperineal approach. MRI guidance presents
some limitations, including a higher cost, greater resource utili-

Figure 1:

Multiparametric MRI (mpMRI) of the prostate prior o MRI-guided
focal laser ablation (MRgFLA). mpMRI scans demonstrate a suspicious lesion
(arrow) in the prostate apex left peripheral lateral and anterior zone that is (A)

hypointense on the T2-weighted scan, (B) hyperintense on the diffusion-weighted
(b= 1600 sec/mm?) scan, and (€) hypointense on the apparent diffusion coef-
ficient scan. The lesion measured less than 15 mm (Prostate Imaging Reporting and
Data System, or PI-RADS, category 4). No other suspicious lesion was seen in the
prostate at mpMRI. No extraprostatic extension, neurovascular bundle invasion, or
seminal vesicle involvement was seen. Staging imaging workup was negative for
metastasis. MRI-guided biopsy demonstrated prostate adenocarcinoma, grade
group 2. The patient subsequently underwent MRgFLA.

zation, and a need for dedicated expertise. US is more portable
and more familiar to urologists (14). Reported median “magnet”
treatment times (MRI to recovery room) for MRI-guided FT are
also higher (256 minutes) (14) compared with US-guided FT
(<120 minutes) (17,23,24).

On the other hand, MRI guidance presents several advantages
over US guidance for FT. Improved localization of tumor in three
planes reduces overall ablation volumes, leading to decreased
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Figure 2:

during MRI-guided focal laser ablation shows the confoured rectal wall {lower orange contour), urethra (yellow), prostate
margin (blue), region of interest for treatment (bright red), and 5-mm (dark red) and 10-mm (orange) margins surrounding
the freatment zone. (B) Map from MRI thermometry obtained during freatment depicts the temperature, with heat deposition
color coded. The hottest fo coldest temperatures are shown in red, yellow, green, and blue. (€) Axial contrast-enhanced
MRI scan obtained immediately after freatment shows the devascularized ablated volume (arrow). (D) Axial T2-weighted
MRI scan at 24 months affer ablation shows involufion and volume loss (arrow) in the prostate apex left peripheral zone.
Targeted biopsy of the treatment zone and systematic biopsy of the remainder of the gland were negafive for malignancy.

adverse effects and a faster recovery time (25,26). Furthermore,
MRI thermometry enables real-time feedback and modification
to optimize temperatures for tissue ablation (14). Following FT,
MRI can be used to assess the ablation zone with dynamic con-
trast-enhanced imaging to identify nonperfused tissue volumes
(14). Of note, while MRI helps accurately localize areas of disease,
it may lead users to underestimate the total extent; thus, margins
of 8-9 mm surrounding the MRI-visible tumor have been sug-
gested for successful FT' (27,28). Overall, the advantages of MRI
guidance in terms of precise tissue targeting suggest that it may be
a more effective option than US guidance (29).

MRI-guided High-Intensity Ultrasound
High-intensity ultrasound, including HIFU and high-intensity
directional ultrasound, represents one of the energy sources used
for MRI-guided FT of localized PCa. It uses acoustic energy
produced by piezoelectric transducers to thermally ablate tissue
(21,26,30). Temperatures above 55°C are targeted for a period
of a few seconds to establish coagulative tissue necrosis without
significantly affecting the surrounding tissue (31,32). Multiple
sonications (ie, energy deposition into tissue) are performed,
with pauses in between to limit heat accumulation and injury to
surrounding tissue (21,33).

There are two FDA-approved MRI-guided high-inten-

sity ultrasound devices: a transrectal device utilizing HIFU
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MRI-guided focal laser ablation of grade group 2 prostatic adenocarcinoma. (A) Axial MRI scan obtained

Alabousi et al

(Exablate 2100; Insightec) and
a transurethral device utiliz-
ing high-intensity directional
ultrasound (TULSA-PRO;
Profound Medical). Although
both devices utilize focused ul-
trasound as the energy source
to thermally ablate the prostate
gland, their techniques differ.
Transrectal MRI-guided fo-
cused ultrasound (MRgFUS)
utilizes an endorectal phased-ar-
ray ultrasound transducer con-
sisting of 1000 elements operat-
ing at 2.3 MHz (frequency) and
30 W (power) (34,35). During
treatment planning, T2- and
diffusion-weighted images are
obtained, and the
gland, tumor site, urethra, neu-

prostate

rovascular bundle, and rectal
wall are manually contoured. A
10-mm margin is incorporated
beyond the MRI-visible tumor
targeted for treatment, where
possible; attention should be
given to surrounding sensitive
structures, including the rectal
wall, external sphincter, and
bladder wall (36). The prostatic
urethra may be included in the
treatment area, if necessary, as it
may grow a new epithelial lining over time (36). The bladder is
continuously drained throughout the procedure with a urinary
catheter, or a suprapubic catheter if the urethra is included in
the treatment plan. Degassed water (14°C) fills the endorectal
probe for protective rectal cooling, and to eliminate air within
the treatment path (36). Subtherapeutic sonications are initially
administered to confirm the target, followed by multiple con-
secutive, overlapping therapeutic sonications for tissue ablation
(35). MRI thermometry is utilized during thermal ablation to
provide real-time temperature feedback for the treated area and
to ensure that tissue-ablative temperatures are achieved (35).
Postablation dynamic contrast-enhanced MRI is used to con-
firm the nonviability and devascularization of the treatment
area (34).

MRI-guided transurethral ultrasound ablation (MRg-
TULSA) utilizes a rigid ultrasound applicator that incorporates
10 independent ultrasound transducers in a linear array (37).
The transducers emit high-intensity ultrasound energy in a di-
rectional manner, rather than a focal manner as seen with MRg-
FUS, directly into the prostate (37). This allows the high-energy
beams to interact with a larger volume of tissue to reduce overall
treatment times and produce more consistent thermal ablation,
making timely whole-gland treatment an option for patients
with multifocal disease (37). Similar to MRgFUS, MRgTULSA
utilizes MRI for PCa localization, as well as MRI thermometry
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Figure 3: Muliiparametric MRI [mpMRI) of the prostate prior fo transrectal MRI-guided focused ulfrasound (MRgFUS).
mpMRI scans demonstrate a suspicious lesion (arrow) in the mid prostate left posterolateral peripheral zone measuring less
than 15 mm that was (A) hypointense on the T2-weighted scan, (B) hyperintense on the diffusion-weighted scan, and

(C) hypointense on the apparent diffusion coefficient scan, with (D) early enhancement on the dynamic contrast-enhanced
sequence, consistent with a Prosfate Imaging Reporting and Data System, or PI-RADS, category 4 lesion. No other suspi-
cious lesions were seen in the prostate at mpMRI. No extraprostatic extension, neurovascular bundle invasion, or seminal

required for successful tumor
ablation with adequate margins.
Bladder catheterization is per-
formed for continuous drainage
during the procedure. The pros-
tate gland, tumor target, rectal
wall, and urethra are manually
contoured on T2-weighted im-
ages obtained at the start of the
procedure. Initially, a coaxial
catheter with an MRI-com-
patible titanium obturator is
inserted transperineally or tran-
srectally under MRI guidance
to the target region (39,41). The
titanium obturator is then re-
placed with an optical fiber with
a 10-15-mm cylindrical diffus-
ing tp (39,41). Initally, sub-
therapeutic power is applied at
3 W to ensure correct position-
ing of the applicator, followed
by higher tissue-ablative ener-
gies confirmed with real-time
MRI thermometry (39,41,43).
Once the desired volume of tis-
sue ablation is achieved, posta-

blation MRI is performed (44).

vesicle involvement was seen. Staging imaging workup was negative for metastasis. MRI-guided biopsy demonsirated pros-

tatic adenocarcinoma, grade group 3. The patient subsequently underwent MRgFUS.

(Movie) (38). During MRgTULSA, the ultrasound applicator
is positioned within the prostatic urethra. A safety margin of
3 mm between the ultrasound applicator and the sphincter at
the prostate apex is generally advised (37). A suprapubic catheter
is placed prior to the procedure for continuous bladder drain-
age and to limit prostate gland movement during treatment
(37). During the procedure, high-intensity ultrasound energy
is delivered into the target prostate volume by rotation of the
ultrasound applicator, with simultaneous MRI thermometry
(38). Rectal and urethral cooling is performed throughout the
procedure (22,38). Posttreatment dynamic contrast-enhanced
MRI is performed to assess the nonperfused treatment area (37).
The suprapubic catheter is usually left in place for up to 2 weeks
after the procedure to limit acute urinary retention secondary to
edema from thermal injury (37).

MRI-guided Focal Laser Ablation

MRI-guided focal laser ablation (MRgFLA) (Visualase,
Medtronic; Tranberg Thermal Therapy System, Clinical Laser-
thermia Systems—both FDA-approved devices) of PCa may
be performed via transperineal or transrectal approach (39-41).
Usually, a 15-W, 980- or 1063-nm diode laser is utilized for ab-
lation, and real-time monitoring is performed with MRI ther-
mometry (Fig 5) (41-43). Each laser applicator achieves an abla-
tion diameter of 10-15 mm; multiple applicator positions are

MRI-guided Cryoablation

Cryoablation utilizes a freeze-

thaw cycle; fast freezing and
slow thawing are performed to achieve the most efficient
ablation, with a target low temperature of -40°C (45). Al-
though immediate cell damage occurs, the main mechanism
of cell death is delayed vascular injury (45). An MRI-com-
patible cryoablation system (Visual Ice, Boston Scientific—
FDA-approved device) is used with a transperineal approach
under real-time MRI guidance using a template grid (46-48).
A rectal balloon and urethral warming catheter are inserted
to protect these structures (47,48). When the correct posi-
tioning of the cryoneedle or cryoneedles has been confirmed
with multiplanar MRI sequences, two freezing cycles lasting
10 minutes are performed, separated by 2-minute passive
and 1-minute active thaw intervals (46,47). Continuous T1-
weighted gradient-echo MRI monitoring is used, with the
cryoablation “iceball” appearing as an area of signal-intensity
void, while the margin surrounding the iceball (reaching
cooled but nonfreezing temperatures < 20°C) demonstrates
a hyperintense rim (Fig 6) (49). The iceball shape and size
can be modified through regulation of gas flow to the cryo-
needle until complete coverage of the treatment target is en-
sured (46-48). Freezing is continued until the iceball covers
5 mm beyond the target margin or until the iceball reaches
the urethral or rectal wall (46,47). Following the final thaw
period, the cryoneedles are removed and postablation MRI is

performed (46-48,50).
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Figure 4: MRI-guided focused ulirasound (MRgFUS) for grade group 3 prostatic adenocarcinoma. (A) Axial MRI
scan obtained during fransrectal-approach MRgFUS ablation shows the rectal wall (red), prostate margin (blue), and the
region of inferest for treatment (orange). (B) Map from MRI thermometry obtained during freatment depicts the temperature,

with heat deposition color coded. The hottest fo coldest temperatures are shown in red, orange, yellow, green, and blue.
Heat deposition is color coded, with red indicating the hottest temperatures and blue indicating the coldest temperatures.

Alabousi et al

disease following FT (42,51).
A challenge of interpreting
mpMRI scans following FT' is
the lack of a standardized ap-
proach to reporting. Although
the Prostate Magnetic Reso-
nance Imaging for Local Recur-
rence Reporting (PI-RR) guide-
lines have recently emerged,
they specifically apply to PCa
recurrence after radiation ther-
apy and radical prostatectomy
(53,54). Standardized reporting
guidelines for using mpMRI
to monitor for PCa recurrence
following FT are warranted.
Moreover, there may be a role for
prostate-specific membrane anti-
gen (PSMA) PET in monitoring
patients following FT (55,56).
Finally, targeted biopsy of the
treated zone is recommended
within the first year following
FT, and additional systematic bi-
opsy is recommended at 12-24
months and 5 years (52). Any
suspicious new lesions seen at
follow-up mpMRI should also
be sampled (52).

Rectangles represent nominal sonication spots, and dots represent each of the prescribed focal points. (€, D) At 24 months

after ablation, there are imaging findings suspicious for recurrent disease (arrow) at the medial aspect of the ablation zone,
including (€) focal hyperintensity on axial diffusion-weighted MRI scan, with (D) associated early enhancement on axial
dynamic contrast-enhanced image. Targeted biopsy of the suspicious area in the treatment zone was positive for disease

recurrence, and the patient subsequently underwent salvage radiation therapy.

Table 1: Grade Group and Gleason Score Classification for
Prostate Cancer

Grade Group Gleason Score  Grade Description
1 <6 Low grade
2 7 (3+4) Intermediate grade
3 7 (4+3) Intermediate grade
4 8 High grade
5 9or 10 High grade

Source.—Reference 4.

Posttreatment Follow-up: Role of PSA Level, mpMRI, and
Biopsy
Following FT, using the appropriate test to monitor for residual
and/or recurrent disease is essential. For whole-gland thera-
pies for PCa, PSA level is a good predictor of recurrent disease
(42,51). In contrast, FT spares normal prostatic tissue, which
will continue to produce PSA. This limits the efficacy of PSA
monitoring for the follow-up of FTs.

mpMRI follow-up has been recommended at 36 months,
12-24 months, and 5 years after FT (52). mpMRI has outper-
formed PSA monitoring in detecting residual and/or recurrent
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Oncologic and  Functional
Outcomes

Compared with US-guided
FTs for PCa, initial experiences
with MRI-guided therapies have demonstrated good success
rates. This may in part be due to precise tumor targeting, with
real-time treatment-zone monitoring using MRI thermometry
(57). Multiple safety and feasibility pilot studies have been
performed with MRgFUS, MRgTULSA, MRI-guided cryo-
ablation, and MRIgFLA with promising results, which sup-
port further investigation of these minimally invasive thera-
pies (13,35,38-40,46,58-62).

Two major prospective, phase II MRgFUS trials have
shown that MRI-guided FTs are safe treatment options for
low- and intermediate-risk localized PCa (8,14). Ghai et al
(14) assessed 44 patients with intermediate-risk PCa (36 with
GG2 disease, eight with GG3 disease) treated with MRgFUS.
At 5 months, three of the 44 participants had residual disease
at targeted biopsy and 41 were free of c¢sPCa. No patients
had any csPCa outside the treatment zone (14). At 5 months,
erectile and urinary function scores were similar to baseline
(14). Ehdaie et al (8) conducted a multicenter trial assess-
ing 101 individuals with intermediate-risk PCa (79 with
GG2 disease, 22 with GG3 disease) and found that 96 of
101 individuals at 6 months and 78 of 89 individuals at 24
months had no GG2 or higher disease in the treatment zone.
Meanwhile, 77 of 101 individuals at 6 months and 59 of
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98 individuals at 24 months had no GG2 or higher disease
anywhere in the prostate gland (8). At 24 months, preserved

Table 2: Recommended Eligibility Criteria for Prostate Can-
cer Focal Therapy Candidates

Category and Criteria

Inclusion criteria
Pretreatment assessment with mpMRI and systematic
biopsy
Clinical stage T'lc to T2a*
MRI-visible lesion up to 15 mm in size
GG2 or GG3 disease
Life expectancy > 5 years

PSA level < 15 ng/mL; PSA level > 15 may be considered
with caution and appropriate workup (ie, to exclude
metastasis)

Exclusion criteria

Local extraglandular tumor growth (eg, extracapsular
extension, seminal vesicle or neurovascular bundle invasion)

Metastases (eg, lymph node or bone)

Multiple sites of clinically significant disease; these would
be more amenable to whole-gland treatment approach (eg,

MRgTULSA)
Contraindication to MRI or gadolinium contrast agent

Clinically significant disease detected at systematic biopsy,
but not visible at MRI for targeted focal therapy

Significant calcifications along the treatment path for

MRgFUS and MRgTULSA

Visible tumor > 5 cm from the rectum excludes MRgFUS
with transrectal approach as the ultrasonic beam cannot be
appropriately focused to attain therapeutic temperatures
beyond this distance; these anterior lesions may be more

amenable to MRgTULSA (transurethral approach)

Note.—GG = grade group, mpMRI = multiparametric MRI,
MRgFUS = MRI-guided focused ultrasound, MRgTULSA =
MRI-guided transurethral ultrasound ablation, PSA = prostate-
specific antigen.

* MRI-guided therapies may also be used for salvage and whole-
gland treatment, which may apply to cases outside the given
clinical stages.

A B

Figure 5:

(A) Monitoring workstafion and (B) laser fiber applicator for MRI-guided focal laser ablation.

urinary function and a slight decrease in sexual function was
noted (8). With MRgTULSA, large-scale phase II trials have
assessed only whole-gland ablation (37,63,64), but proof-of-
concept FT trials have been promising (13,38,59).

Multiple phase IT MRIgFLA trials have been performed in
patients with low- to intermediate-risk PCa (65-67). Lepor et
al (65) assessed 25 individuals who underwent MRIgFLA, of
whom 96% had no evidence of PCa at 3-month targeted biopsy,
with preserved sexual and urinary function. Eggener et al (66)
performed MRIgFLA in 27 patients (23 with GG1 disease, three
with GG2 disease, one with GG3 disease). At 3-month targeted
biopsy, 26 of 27 individuals were free of PCa at the treatment
site. At 12-month systematic biopsy, three of 27 individuals had
residual PCa within the treatment zone, and 10 of 27 individuals
had residual PCa anywhere in the prostate. Urinary and sexual
function were preserved at 12 months (66). Walser et al (67)
performed MRIgFLA and/or hemiablation in 120 patients (37
with GG1 disease, 56 with GG2 disease, 27 with GG3 disease).
At 12-month MRI, with biopsy of suspicious lesions anywhere
in the prostate, 22 of 120 individuals had PCa, with 18 of these
individuals having csPCa. Urinary and sexual function were pre-
served at 12 months (67).

MRI-guided cryoablation has predominantly been assessed as
a salvage therapy for recurrent disease, or for whole-gland abla-
tion (46-48,50,68,69). However, Gangi et al (61) performed a
pilot assessment of MRI-guided focal cryoablation in 11 indi-
viduals with PCa with contraindications to surgery and found it
to be a feasible and promising alternative.

‘The most common complications of FT usually occur within
30 days and include infection (urinary tract infection, epididymo-
orchitis), hematuria, and catheter-related issues (pain, discom-
fort, urethral sloughing) (70). Less common complications
include urinary incontinence, erectile dysfunction, ejaculatory
dysfunction, penile numbness, and penoscrotal swelling. Recto-
urethral fistula is a rare complication (70).

Challenges of MRI-guided FT

For successful MRI-guided FT for PCa, appropriate treatment
population selection is essential. FT' is most likely to succeed in
individuals with well-defined, MRI-visible low- to intermediate-
risk PCa measuring up to 15 mm (13). Moreover, some studies
have reported a high number of patients with csPCa outside the
treatment area at follow-up imaging (8). This may, in part, be
due to the performance of only
MRI-guided targeted biopsy at
the time of PCa diagnosis, with
omission of systematic biopsies.
This practice may be problem-
atic, as a recent trial suggested
that forgoing systematic biop-
sies should be considered only
in patients with a prior negative
systematic biopsy or in patients
with a large area of disease who
would not be candidates for FT
(71). Some studies have also
demonstrated an improvement
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in the diagnostic performance
of PSMA PET/MRI over MRI
alone in assessment for PCa,
and adoption of this additional
imaging test may further benefit
the selection process (8,16).
There may also be an added
benefit of screening patients
for intraprostatic calcifications
with CT. Similar to diagnos-
tic US, the passage of HIFU
sound waves is limited by dense
structures and air. Thus, intra-
prostatic calcifications in the
treatment path may limit MRg-
FUS and MRgTULSA therapy,
resulting in suboptimal treat-
ment (22). Appropriate screen-
ing allows for the selection of
an alternative energy source in
patients with intraprostatic cal-
cifications, such as MRgFLA.
Another chal-
lenge may be the location of

potential

the treatment target relative
to the energy source. For ex-
ample, transrectal MRgFUS
may have limited utility in
targeting the anterior gland,
due to the anatomic distance
from the HIFU source with
a transrectal approach, result-
ing in a higher loss of ablative
energy (72). In this scenario,
MRgTULSA may be ideal, as
it would reduce the gap between the energy source and the
lesion of interest.

Future Directions and Other Uses of MRI-guided FT
Opverall, minimally invasive MRI-guided FTs have demon-
strated promising results for low-risk and favorable interme-
diate-risk PCa as a safe and effective treatment with accept-
able short-term oncologic profiles and reasonable functional
outcomes (8,14,37,63,64). In comparison to US-guided
FTs, early results for MRI-guided FTs have demonstrated
improved eradication of unifocal ¢sPCa and improved func-
tional outcomes, which may justify the additional cost and
resources associated with MRI guidance (8,14,17,23,24,73).
Given the indolent nature of PCa, long-term follow-up stud-
ies are still needed, including randomized controlled trials
comparing the oncologic outcomes of MRI-guided FTs to
those of active surveillance and whole-gland therapies. Mul-
tiple registered trials are ongoing, which are necessary to sup-
port the implementation of MRI-guided FTs in routine PCa
care (https://clinicaltrials.gov).

Aside from the use of MRI-guided FTs for PCa treatment

at initial diagnosis, their use in other clinical scenarios has also
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Figure 6: MRI-guided focal cryoablation of grade group 2 prostate adenocarcinoma. (A=€) Multiparametric MRI
(mpMRI) scans demonstrate a suspicious lesion (arrow) in the prostate base right posteromedial peripheral zone measuring
less than 15 mm that is (A) hypointense on the T2-weighted scan, (B) hyperintense on the diffusion-weighted scan, and

(C) hypointense on the apparent diffusion coefficient scan, consistent with a Prostate Imaging Reporting and Data System,
or PI-RADS, category 4 lesion. (D) T1-weighted gradient-echo mpMRI scan from confinuous monitoring during MRI-guided
cryoablation demonstrates the treatment-zone “iceball” appearing as an area of signal intensity void (%), while the margin
surrounding the iceball demonstrates a hyperintense rim (arrow).

been explored. Multiple studies have assessed MRgTULSA,
cryoablation, and MRgFLA as a salvage therapy for recurrent
PCa, with promising results (46-48,50,74-76). Early studies
of MRgTULSA for the treatment of symptomatic benign pros-
tatic hyperplasia have shown improvements in urinary func-
tion and symptom relief (77,78). Future trials will continue to
explore the value of MRI-guided therapies in various clinical
scenarios (https://clinicaltrials.gov).
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