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Abstract
Focal therapy is an emerging treatment modality for localised prostate cancer that aims to reduce the morbidity seen with radical therapy, while maintaining
cancer control. Focal therapy treatment strategies minimise damage to non-cancerous tissue, with priority given to the sparing of key structures such as the
neurovascular bundles, external sphincter, bladder neck and rectum. There are a number of ablative technologies that can deliver energy to destroy cancer cells
as part of a focal therapy strategy. The most widely investigated are cryotherapy and high-intensity focussed ultrasound. Existing radical therapies, such as
brachytherapy and external beam radiotherapy, also have the potential to be applied in a focal manner. The functional outcomes of focal therapy from several
phase I and II trials have been encouraging, with low rates of urinary incontinence and erectile dysfunction. Robust medium- and long-term cancer control
outcomes are currently lacking. Controversies in focal therapy remain, notably treatment paradigms based on the index lesion hypothesis, appropriate patient
selection for focal therapy and how the efﬁcacy of focal therapy should be assessed. This review articles discusses the current status of focal therapy, highlighting
controversies and emerging strategies that can inﬂuence treatment outcomes for the future.
Ó 2013 The Royal College of Radiologists. Published by Elsevier Ltd. Open access under CC BY license.
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Statement of Search Strategies Used and
Sources of Information
The MEDLINE database was searched using the PubMed
Portal with the following search terms: ‘(focal and (therapy or
radiotherapy or radiation or high-intensity focal ultrasound or
laser or photodynamic or electroporation or ferromagnetic or
cryotherapy or radiofrequency ablation or brachytherapy or
microwave or proton or cyberknife)) and prostate cancer’. The
search was expanded by looking through related articles and
the references of included papers for further relevant papers.

Introduction
Focal therapy is an emerging treatment modality for
localised prostate cancer that aims to reduce the morbidity
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seen with radical therapy, while maintaining cancer control.
This review summarises the rationale for focal therapy, its
current status and future perspectives.

Rationale for Focal Therapy
Current options for men with localised prostate cancer
include active surveillance and radical therapy. The ideal
treatment would provide oncological cure with few sideeffects. Although radical therapy offers treatment with
curative intent there can be a high rate of associated functional complications, with erectile dysfunction seen in
24e90%, urinary incontinence in 2e72% and rectal toxicity
in 2e15% [1e4]. These complications detrimentally affect
quality of life [2,5].
In the era of prostate-speciﬁc antigen (PSA) screening,
there has been an increase in the detection of prostate cancer
[6]. Men are being diagnosed at an earlier stage and the
proportion of men with low-risk disease is increasing [7,8].
The debate over population-based PSA screening continues,
with differing ﬁndings from the European Randomised Study
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of Screening for Prostate Cancer (ERSPC) and the Prostate,
Lung, Colorectal and Ovarian (PLCO) randomised controlled
trials leading to the recent US Preventive Services Task Force
recommendation against population-based PSA screening
[9,10]. However, the high rates of contamination of the
control arms in ERSPC Rotterdam Section (31%) and the PCLO
trial (40e52%) [10,11] and the emerging patterns of PSA
screening in other countries [12] show that physicians and
men favour PSA screening. These men may be unnecessarily
exposed to the harms of radical treatment. The Prostate
cancer Intervention Versus Observation Trial (PIVOT) study,
which randomised men diagnosed during the early PSA
screening era between watchful waiting and radical surgery,
suggests that men with low-risk localised prostate cancer
have no beneﬁt from treatment with regards to prostate
cancer-speciﬁc mortality [13]. Other minimally invasive options for these men should be actively considered.
Active surveillance takes advantage of the slow progression of low-risk disease, allowing about two-thirds of
men who enter an active surveillance programme to avoid
radical treatment and its side-effects [14,15]. The mortality
rates for patients on active surveillance is low at 0e1%, but
due to the inherent errors of the diagnostic transrectal biopsy, it is unclear which cancers are intermediate- and
high-risk at baseline and there are concerns that delaying
radical therapy may lead to disease progression and missing
the opportunity for curative treatment. Furthermore, the
anxiety and burden of repeated hospital visits, PSA tests and
biopsies to the individual and healthcare systems should
not be underestimated [16e19]. This may explain why less
than 8% of eligible patients in the USA and 39% of those
eligible in the UK opt for active surveillance [7,20].
Focal therapy has been proposed as an alternative
minimally invasive technique that aims to destroy the
tumour itself or the region containing the tumour in order
to preserve surrounding non-cancerous tissue. The goal is to
maintain disease control at acceptable levels, while preserving erectile, urinary and rectal function by minimising
damage to the neurovascular bundles, external sphincter,
bladder neck and rectum. This approach has gained
increasing attention over the last 5 years, with encouraging
evidence accumulating on functional outcomes and shortterm oncological outcomes [21e25].

Focal Therapy Treatment Strategies
A number of focal therapy strategies have commonly been
used (Figure 1). In general, they differ by whether they
attempt to ablate speciﬁc cancer foci (lesion-targeted therapy)
or whole regions containing cancer (region-targeted therapy).
Focal therapy is classically considered for men with a
single discrete tumour or several foci in one half of the
prostate. A recent systematic review showed that 13e67% of
patients have unifocal or unilateral disease [26]. A further
strategy, which extends the proportion of men eligible for
focal therapy treatment, is the index lesion ablation strategy. This involves treating only the largest and highestgrade tumour (the index lesion), while sparing small foci

Fig 1. Diagrammatic representation of focal therapy strategies. The red
lesion represents clinically signiﬁcant prostate cancer and the green
lesion represents clinically insigniﬁcant prostate cancer. The yellow circles represent the neurovascular bundles and the blue rectangle represents the ablation zone. Lesion-targeted therapy is represented by (a)e(c).
In (a), unifocal ablation preserves the contralateral neurovascular bundle.
In (b), although clinically signiﬁcant cancer is present bilaterally, one
neurovascular bundle is still spared. In (c), clinically insigniﬁcant cancer
near the second neurovascular bundle is not treated. Only the index lesion
is treated, allowing preservation of one neurovascular bundle. In (d), an
example of region-targeted therapy, hemi-ablation, is presented.
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less than 0.5 ml, with a Gleason Score less than 7, which
may not contribute to disease progression over a 10e20
year period.
In the presence of multifocal disease, the index lesion has
been shown to determine the clinical progression of disease
[26e29]. Molecular genetics studies suggest that a single
tumour focus is responsible for metastasis and disease
progression and that this focus is the index lesion [30,31].
The critical tumour volume that correlates to a ‘clinically
signiﬁcant’ lesion that will probably contribute to disease
progression, has often been proposed as 0.5 ml [32,33].
Region-targeted therapy treats a larger area of the prostate in the region of the tumour with the rationale that
treating multiple tumour foci may give a greater certainty of
cure while still preserving vital structures [34]. Hemiablation of the half of the prostate containing the tumour
is the most commonly reported focal therapy strategy.
Subtotal prostate ablation of volumes greater than half the
prostate, for example hockey stick ablation, has also been
shown [35]. However, the more extensive the treatment, the
more likely the functional outcomes will approach those of
radical therapy. Overall, it is estimated that between onehalf and two-thirds of men with localised prostate cancer
may be amenable to some form of focal therapy [36,37].

Patient Selection for Focal Therapy
Most focal therapy trials have included men with lowrisk (low volume, Gleason grade 6) disease for whom
active surveillance has shown a very low 10e15 year mortality [14]. However, for those groups that include
intermediate-risk (Gleason grade 3 þ 4) disease in active
surveillance protocols [38] or those that consider focal
therapy a potential alternative to radical therapy [39], patients with intermediate- and high-risk (Gleason grade
4 þ 3 or greater) disease would be suitable and have been
included [24,40], although there is much disagreement on
this [41]. A limitation of including intermediate- and highrisk men is their higher rate of micro-metastases and disease progression, even after radical therapy [42,43], which
means including them in a focal therapy trial may increase
the risk of early treatment failure, making it difﬁcult to fully
interpret treatment efﬁcacy.
Retreatment of tumours with focal therapy is possible,
although the greater the amount of tissue ablated on the
ﬁrst occasion, the more limited the second treatment can be
[24]. After focal therapy, men are still eligible for radical
therapy, although it may be technically more challenging
[44]. Focal salvage therapy after external beam radiotherapy
has also been shown [45,46]. This approach is based on the
observation that the main site of recurrence is usually at the
site of the original index lesion [47e49].

Localisation of Disease
For focal therapy to be successful, key requirements are
the ability to accurately and reliably identify all clinically
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signiﬁcant tumours in the prostate, guide the focal ablation
energy to the tumour and assess the treated area to determine treatment efﬁcacy. There is no single modality that
meets these requirements, although currently a combination of biopsy and imaging techniques is best practice.
For the selection of men for focal therapy, a 5 mm
transperineal template prostate mapping (TPM) biopsy is
the current recommended standard [50]. It can provide
three-dimensional coordinates of speciﬁc cancer foci. TPM
has an approximate 95% sensitivity and negative predictive
value in detecting and ruling-out clinically signiﬁcant cancer [51,52]. In patients who have had unilateral cancer
identiﬁed on transrectal ultrasound (TRUS) biopsy, 61%
were found to have bilateral cancer after reclassiﬁcation by
TPM, and 23% of patients had Gleason scores upgraded to 7
or higher [53]. The consequences of the random and systematic error of TRUS biopsy is that clinically signiﬁcant
cancers may be missed, men may be inappropriately
selected for focal therapy and when assessing treatment
efﬁcacy, differentiating between ablation failure or sampling error may be difﬁcult. TPM is not without its own
burden, however. It is time-consuming, requires a general
anaesthetic and is associated with a urinary retention rate
of 2e11% [54e57].
Elastography, tissue characterisation imaging modalities
and contrast-enhanced ultrasound have shown variable
degrees of success in the identiﬁcation of clinically signiﬁcant cancer [58e62], although the imaging modality that
has attracted the most interest is multi-parametric magnetic
resonance imaging (MP-MRI), which uses functional parameters (dynamic contrast-enhanced, diffusion-weighted or
magnetic resonance spectroscopy) and anatomical parameters (T2-weighted imaging) and has shown a sensitivity,
speciﬁcity and negative predictive value of 86, 94 and 95%,
respectively, for the identiﬁcation of tumours greater than
0.5 ml, when compared against radical prostatectomy
specimens [63,64]. Evidence suggests that Apparent diffusion coefﬁcient (ADC) values in diffusion-weighted imaging
and metabolite ratios in spectroscopy may correlate to the
aggressiveness of the cancer [65e67].
The interpretation of prostate MRI does, however,
require experienced uro-radiologists and attempts at
standardising MRI conduct and reporting have been made
[68,69], with validation of reporting standards [70]. TPM
still remains necessary before selecting suitable candidates
for focal therapy, although we await the results of the
PROMIS trial (NCT01292291), which may shed more light
on the validity of MP-MRI in the detection of clinically signiﬁcant prostate cancer.

Guiding Focal Therapy
Although the three-dimensional location of the tumour
for focal ablation can be attained from TPM and MP-MRI,
further challenges include the application of the ablative
energy to that speciﬁc location, given that the prostate is
viewed most often by real-time TRUS. Tumour location on
MP-MRI images may be reviewed before TRUS-guided focal
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ablation (visual registration) or it can be registered to the
real-time TRUS images with software platforms (software
registration), which allow the MRI images or their contours
of prostate and tumours to be overlaid on the TRUS viewing
screen. As an alternative to using TRUS, MRI can be used to
guide procedures and for real-time monitoring of treatment
intensity [71]. However, MRI-compatible equipment is
expensive, can be cumbersome to use and may require
more time to gain expertise. Despite this, signiﬁcant progress is being made with the technology [72,73].

Ablative Technologies for Focal Therapy
The technologies with the most functional and oncological outcome data are high-intensity focussed ultrasound
(HIFU) and cryotherapy. There have been no randomised
control trials comparing the ablative technologies with each
other or with standard of care, although a relatively large
focal therapy series of 106 patients using a number of
ablative technologies has been reported revealing a major
complication rate of less than 2% with 100% continence
rates postoperatively [25]. It is clear that prospective
outcome data are required before these technologies are
used routinely in clinical practice, but the key data currently
available shall be presented.
Focal High-intensity Focussed Ultrasound
HIFU is applied by inserting an ultrasound probe into the
rectum, which allows both the prostate to be visualised and
energy to be delivered to the prostate. HIFU uses energy with
more than 5 W of power applied per cm2 at frequencies within
the 2.25e4 MHz range, focussing this energy on to an intense
point in which the density can be as high as 1500 W/cm2. The
ultrasound wave is absorbed by tissue and converted to heat,
typically above 80  C, which results in coagulative necrosis. In
addition, alternating cycles of compression and rarefaction
lead to inertial cavitation, which results in cell necrosis. HIFU is
best used in men with prostates that have an anteroposterior
diameter of less than 40 mm and without prostatic calciﬁcation, although the use of transurethral resection of prostate
and cytoreduction can allow larger glands to be treated.
Outcomes of key studies of focal HIFU are given in Table 1
[24,25,35,74,75]. Continence rates of 90e100%, potency rates
of 89e95% and 6e12 month biopsy-free recurrence rates of
77e92% have been reported after treatment, although not all
cancer recurrences were clinically signiﬁcant.
Focal Cryotherapy
Cryotherapy causes cellular destruction by freezing tissue
to below 30  C. This is achieved by argon-based cryoprobes,
which can be inserted transperineally into prostate tumour
typically under TRUS guidance. Freezing is achieved by the
JouleeThompson effect, which results in ice-ball formation
at the needle tip, which can be manipulated in size. The size
of the ice-ball can be crudely monitored with TRUS during
the procedure. The ice crystals cause cell death by disrupting

cell membranes, causing cell lysis and disrupting the
microvasculature leading to cellular ischaemia. Urethral
warming devices and thermocouples for systematic temperature monitoring can be used to minimise collateral
damage, although urethral warming could theoretically lead
to undertreatment of anteroseptal tumours. Outcomes of
key studies of focal cryotherapy are given in Table 2
[25,40,76e79]. Continence rates of 96e100%, potency rates
of 71e90% and biopsy-free recurrence rates of 60e94% have
been reported. Of note, most of the described recurrences
occurred in the untreated area of the prostate.
Focal Photodynamic Therapy
Focal photodynamic therapy (PDT) involves the administration of a photosensitising agent, which when activated by
light within the prostate, causes cellular destruction. The
photosensitising agent is commonly administered intravenously and is activated by light from optical ﬁbres inserted,
most commonly, transperineally into the desired area of the
prostate under TRUS guidance. Activation results in the production of reactive oxidative species, such as the singlet oxygen, which cause direct cellular injury and vascular damage
and lead to cell necrosis and apoptosis. As PDT depends on the
presence oxygen it may not be effective in hypoxic prostate
tumours. Reliable treatment planning is difﬁcult to achieve
given the requirement of appropriate levels of oxygen, photosensitiser and light in the tumour. Only a few studies
showing feasibility of the technique have been published
(Table 3) [25,80e82], although a randomised controlled trial
of active surveillance versus hemi- or subtotal PDT therapy
has almost completed recruitment (NCT01310894).
Focal Photothermal Ablation
Focal photothermal ablation involves the thermal
destruction of cells by application of laser from optical ﬁbres inserted transperineally into the tumour, most
commonly under MRI guidance. Increasingly, the 980 nm
diode laser is being used with procedures carried out under
MRI guidance, requiring fully compatible MRI equipment.
After several minutes of treatment, a 1 cm near-spherical
ablation zone is produced and although it can be
extended by manipulation of the ﬁbre position, this technology is ideal for smaller discrete tumours. MRI allows
real-time temperature monitoring to ensure that the temperatures required to ablate tumour cells are reached and to
reduce the risk of collateral damage. Key reports of photothermal ablation are described in Table 4 and show the
feasibility of the technique [83e87]. Further data on functional and oncological outcomes are awaited and phase I/II
trials (NCT01094665) are in progress.
Focal Therapy Using Radiation
Established treatments such as brachytherapy using high
dose rate iridium-192 or permanent low dose rate seeds,
commonly of iodine-125 and palladium-103, can also be
applied in a focal manner. Seeds can be placed via small

Table 1
Outcomes of key studies in focal high-intensity focussed ultrasound
No.
Follow-up Gleason PSA
Disease
Ablation strategy Continence Potency
patients (years)
score
(ng/ml) localisation

Adverse events

Oncological outcomes

Muto et al.,
2008 [35]

29

2.6

5e10

5.4

MRI and
TRUS
biopsy

Posterior hockey
stick ablation

29/29
(100%)

NR

Ahmed et al.,
2011 [74]

20

1

4 þ 3

7.3

MP-MRI
and TPM

Hemi-ablation

18/20
(90%)

19/20
(95%)

Urethral stricture
1/20 (5%)

El Fegoun et al., 12
2011 [75]

10

3 þ 4

7.3

TRUS
biopsy

Hemi-ablation

12/12
(100%)

NR

Retention 1/12 (8%)
UTI 2/12 (17%)

Ahmed et al.,
2012 [24]

41

1

4 þ 3

6.6

MP-MRI
and TPM

Lesion-targeted
or Regiontargeted

38/38
(100%)

31/35
(89%)

Barret et al.,
2012 [25]

21

0.75

6

6

TPM

Hemi-ablation

21/21
(100%)

IIEF-5
decrease
from 20
to 14

Retention 1/41 (2%)
UTI 7/41 (17%)
Urethral stricture 1/41
(2%) Diarrhoea and urine
extravasation 1/41 (2%)
Retention 5/21 (24%)
NR

1 year biopsy:
13/17 (77%) no cancer
2 years BDFS (ASTRO criteria):
83% in low-risk patients
54% in intermediate-risk patients
0% in high-risk patients
6 months biopsy:
17/19 (89%) no cancer
19/19 (100%) no signiﬁcant cancer
1 year biopsy:
11/12 (92%) no cancer
5 years:
Recurrence-free survival e 90%
10 years:
Recurrence-free survival e 38%
Cancer-speciﬁc survival 10/10
(100%)
6 months biopsy:
30/39 (77%) no cancer
36/39 (92%) no signiﬁcant cancer
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Reference

PSA, mean/median pre-procedural prostate-speciﬁc antigen; TRUS, transrectal ultrasound guided; NR, not reported; BDFS, biochemical disease-free survival; ASTRO criteria, three
successive increases in PSA; MP-MRI, multi-parametric magnetic resonance imaging; TPM, transperineal template mapping biopsy; UTI, irinary tract infection; IIEF-5 ¼ International
Index of Erectile Function.
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Table 2
Outcomes of key studies in focal cryotherapy
No.
Follow-up Gleason PSA
Disease
Ablation
patients (years)
score
(ng/ml) localisation strategy

Continence Potency

Bahn et al.,
2006 [76]

31

5.8

7

4.9

TRUS
biopsy

Hemi-ablation

31/31
(100%)

24/27
(89%)

Lambert et al., 25
2007 [77]

2.3

7

6

TRUS
biopsy

Hemi-ablation

25/25
(100%)

17/25
(71%)

Ellis et al.,
2007 [78]

60

1.25

7

7.2

TRUS
biopsy

Hemi-ablation

53/55
(96%)

24/34
(71%)

Onik et al.,
2008 [79]

48

4.5

NR

7.8

TPM

Lesion-targeted 48/48
(100%)

36/40
(90%)

Bahn et al.,
2012 [40]

73

3.7

7

5.4

TRUS
biopsy

Hemi-ablation

70/70
(100%)

86%

Barret et al.,
2012 [25]

50

0.75

6

6.2

TPM

Hemi-ablation

50/50
(100%)

IIEF-5
decrease
from 19
to 14

Adverse events

Retention 1/25
(4%)

Sloughed tissue 1/48
(2%) requiring TURP

Retention 4/50 (8%).
Gross haematuria 1/50
(2%) requiring irrigation
and blood transfusion.
1/50 (2%) stricture. 1/50
(2%) perineal abscess with
rectal ﬁstula requiring
excision and temporary
colostomy.

Oncological outcomes
During follow-up:
24/25 (96%) no cancer on biopsy
1/1 recurrence in untreated lobe
BDFS (ASTRO)e 26/28 (94%)
During follow-up:
22/25 (88%) no cancer on biopsy
2/3 recurrences in untreated lobe
BDFS (Phoenix) e22/25 (88%)
During follow-up:
21/35 (60%) no cancer on biopsy
13/14 recurrences in untreated lobe
BDFS (ASTRO) e48/60 (80%)
During follow-up:
43/48 (90%) no cancer on biopsy
5/5 recurrences in untreated area
BDFS (ASTRO) e 45/48 (94%)
During follow-up:
36/48 (75%) no cancer on biopsy
11/12 recurrences in untreated lobe
NR

PSA, mean/median pre-procedural prostate-speciﬁc antigen; TRUS, transrectal ultrasound guided; BDFS, biochemical disease-free survival; ASTRO criteria, three successive increases
in PSA; Phoenix criteria, PSA nadir þ 2 ng/dl; TPM, transperineal template mapping biopsy; TURP, transurethral resection of prostate; NR, not reported; IIEF-5 ¼ International Index of
Erectile Function.
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Table 3
Key studies of focal photodynamic therapy
Reference

No.
Gleason Photosensitiser
patients score

Ablation
strategy

Light
Continence Potency Adverse events
delivery

Windahl
2
et al.,
1990 [80]

NR

Haematoporphyrin Post-TURP TU
derivative (n ¼ 1) remnant
Photofrin (n ¼ 1)

NR

NR

Zaak et al., 6
2003 [81]

5e8

5-ALA

Variable

RP
6/6
(n ¼ 1) (100%)
TU
(n ¼ 3)
TP
(n ¼ 2)

NR

Moore et al., 6
2006 [82]

3þ3

Temoporﬁn

Hemiablation

TP

NR

2/3
(67%)

Barret et al., 23
2012 [25]

6

Padeliporﬁn

Regiontargeted

23/23
(100%)

IIEF-5
decrease
from 23
to 13

Retreatment
(n ¼ 4) due to
residual cancer
Sepsis (n ¼ 1)
Voiding
symptoms
requiring
recatheterisation
(n ¼ 2)

Oncological outcomes
At 3 months:
2/2 no cancer on control
biopsies
Reduction in mean PSA
from 8 to 1.35 ng/ml
For one patient who had
radical prostatectomy:
Necrosis at site of ﬁbre
insertion
At 6 weeks:
Reduction of PSA by
20e70%
At 2 months:
0/6 no cancer on biopsy
PSA reduction after 8/10
treatments

NR

TURP, transurethral resection of prostate ; TU, transurethral; RP, during radical prostatectomy; TP, transperineal; NR, not reported; IIEF-5,
International Index of Erectile Function; PSA, prostate-speciﬁc antigen.
Table 4
Key reports of focal photothermal ablation
Reference

No.
patients

Laser

Ablation strategy

No.
ﬁbres

Real-time
imaging

Adverse events

Outcomes

Amin et al.,
1993 [83]

1

Lesion-targeted

3

US and CT

Mild dysuria

Linder et al.,
2009 [84]

12

805 nm
Diomed
diode laser
830 nm
Indigo
diode laser

Lesion-targeted

1e2

3D-US
CEUS

Retention (n ¼ 2)
Perineal discomfort
(n ¼ 3)
Mild haematuria
(n ¼ 2)
Haematospermia
(n ¼ 2)
Fatigue (n ¼ 1)

Linder et al.,
2010 [85]

4

980 nm
Visualise
diode laser

Lesion-targeted

2e3

CEUS

Raz et al.,
2010 [86]

2

980 nm
Visualise
diode laser

Lesion-targeted

2

3D 1.5 T MRI
CEUS

Linder et al.,
2011 [87]

2

980 nm
Visualise
diode laser

Lesion-targeted

NR

3D robotic
1.5 T MRI

10 days:
Biopsy e necrosis in ablation
zone
6 month biopsy:
6/12 (50%) no cancer
4/6 recurrences in
ablation zone
6 month functional outcome:
Potency e 100% of men
potent pre-procedure
retained potency
Continence e no signiﬁcant
worsening of IPSS score
Good correlation between
ablation volume on MRI
and ablation volume on
H&E stained pathology images
Immediate repeat treatment
with new ﬁbre position due
to residual vascularised target
tissue
No signiﬁcant change in IIEF-5
or IPSS scores after treatment

US, ultrasound; CT, computed tomography; MRI, magnetic resonance imaging; CEUS, contrast-enhanced ultrasound; 3D, three-dimensional;
H&E, haematoxylin and eosin; NR, not reported; IIEF-5, International Index of Erectile Function; IPSS, International Prostate Symptom Score.
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catheters inserted transperineally into the prostate using
TRUS guidance. With pretreatment planning it is possible to
apply a higher radiation dose to the tumour with a lower
dose to the surrounding non-cancerous tissue. Barret et al.
[25] carried out focal brachytherapy in 12 patients who
maintained continence post-procedurally, although international index of erectile function scores decreased from 21
at baseline to 14 after the procedure. Larger focal brachytherapy trials are now underway (NCT01354951).
One group has also applied peripheral zone-targeted and
urethral-sparing low dose rate brachytherapy, observing
encouraging adverse effect proﬁles and 5 year biochemicalfree survival rates in low-risk patients [88,89]. Focal
brachytherapy has also shown good use in the salvage
setting after failed whole-gland irradiation, where repeat
full doses of radiation would not be feasible [90,91].
A recent consensus meeting gave recommendations on
patient selection and technical considerations for focal low
dose rate brachytherapy [92]. Of note is the emphasis on
pretreatment planning, the use of iodine-125 seeds linked
with a low activity, consideration of organs at risk, including
the shape of the prostatic urethra, and post-implant
dosimetry at 24 h or 4 weeks. It was suggested that
further modelling is required for prescription dose recommendations and ideal margin size is currently uncertain.
High dose rate brachytherapy to a partial volume of the
prostate has been used as a boost after external beam
radiotherapy [93] and several ongoing phase I and II trials
are investigating its use as a boost to the dominant intraprostatic lesion (NCT00807820, NCT01605097). External
beam radiotherapy itself can be used in a focal manner by
targeting radiation delivery to speciﬁc areas of the prostate.
The CyberKnifeÔ, a device that can be used to deliver stereotactic radiation precisely, has been used to target the
peripheral zone [94] and dominant lesions [95].

also be used at an early stage, for example within the ﬁrst
week after focal therapy for veriﬁcation of treatment effect.
Subsequent follow-up for the assessment of oncological
control is more challenging. PSA values are difﬁcult to
interpret because a variable amount of prostate tissue remains after focal therapy. Further factors inﬂuencing postprocedural PSA include the proportion of pre-procedural
PSA that was due to the tumour, the efﬁcacy of the ablation therapy and the progression of benign prostate hyperplasia. Thus, a speciﬁc threshold nadir for PSA to deﬁne
biochemical recurrence is unlikely to be derived. Deﬁnitions
that are currently used to deﬁne failure in whole gland radiation therapy (ASTRO [three consecutive rises in PSA from
nadir], Phoenix deﬁnition [nadir þ 2 ng/dl]) have been used

Other Ablative Energies
Radiofrequency ablation, applied via electrodes inserted
transperineally, can induce thermal damage to the prostate
and has been shown to be a feasible focal therapy technology
for prostate cancer [96,97] and is under further investigation
(NCT01423006). Irreversible electroporation is a promising
non-thermal ablation technology that has been applied in a
number of other solid organ cancers, showing quick, precise
and predictable tissue destruction in high-risk anatomical
areas [98,99]. A clinical trial of irreversible electroporation in
focal therapy of prostate cancer is underway (NCT01726894).
Future prospective ablative technologies include the use of
gold and magnetic nanoparticles that can be directly injected
into tumours, producing heat upon activation by electromagnetic stimulation [100].

Evaluating Focal Therapy Treatment
Contrast-enhanced ultrasound and MRI can be used for
real-time feedback of tissue destruction with most focal
therapy technologies [101,102]. Contrast-enhanced MRI can

Fig 2. Magnetic resonance imaging (MRI) appearances before and
after focal high-intensity focussed ultrasound treatment to the
prostate. A T2-weighted prostate MRI image of a man with presenting
prostate-speciﬁc antigen of 7.7 ng/ml is given in (a). A scanner with a
1.5 Tesla magnet and a pelvic phased array coil was used to capture
images. An anterior prostate tumour is indicated by the red circle.
Transperineal template prostate biopsies conﬁrmed high volume
Gleason 3 þ 3 disease. The patient underwent focal high-intensity
focussed ultrasound treatment of the tumour. Six months after
treatment, the patient underwent repeat MRI and the T2-weighted
MRI image obtained is given in (b). The ablation cavity can be seen
with no evidence of residual cancer. Prostate-speciﬁc antigen at this
time was 1.1 ng/ml.

V. Kasivisvanathan et al. / Clinical Oncology 25 (2013) 461e473

in focal therapy, although they have not yet been validated.
Certainly, a standardised biopsy scheme to conﬁrm the
presence or absence of disease after focal therapy is
essential and evidence from whole gland treatment using
focal ablation technology supports the role of imaging such
as MP-MRI to detect recurrences [103e105]. In summary, a
combination of biochemical, histological and imaging results can be used to evaluate the oncological control achieved by focal therapy (Figure 2).
There is a wide range of follow-up protocols in focal
therapy trials. In general, PSA is checked 3 monthly for the
ﬁrst year, then 6 monthly [35,74,76,77,106]. A scheduled
prostate biopsy is carried out at 6e12 months or with PSA
progression.

Discussion
The aim of focal therapy is to obtain the trifecta status of
oncological cure, potency and continence. Treatment strategies can be lesion-targeted or region-targeted with
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emphasis on preserving neurovascular bundles, bladder
neck, external sphincter and rectum. A number of ablative
technologies are available, the best studied of which include
HIFU and cryotherapy. Although it is clear that more data,
particularly on medium- and long-term cancer control, are
required, encouraging functional outcomes have now been
reported.
Controversies of focal therapy remain. Primarily, current
trials do not present medium- and long-term oncological
outcome data or comparisons with existing standards of
care. There is also no consensus on whether oncological
control should be deemed the absence of any cancer or the
absence of clinically signiﬁcant cancer and whether this
should be limited to the treated area or include the untreated prostate. The selection of men suitable for focal
therapy is another point of contention. Most of those who
consider it an alternative to active surveillance would
consider low-risk Gleason 6 as suitable, whereas those
considering it an alternative to radical therapy would
consider higher-risk disease suitable. The index lesion hypothesis has also been challenged, with some weak

Table 5
Notable ongoing trials in focal therapy
Trial number
identiﬁer

Focal ablation
modality

Phase

Description

Intended
no.
patients

Selection criteria

Key outcomes

NCT01194648

HIFU

Phase II

Multi-centre
Single-arm

272

T1eT3a
Gleason  4 þ 3
PSA < 15 ng/ml

NCT00988130

HIFU

Phase II

26

T3b
Gleason  8
PSA  20 ng/ml

NCT01310894

PDT

Phase III

400

T2c
Gleason  3 þ 3
PSA  10 mg/ml

NCT01094665

Photothermal

Phase I/II

60

NCT01354951

LDRbrachytherapy

Phase II

Single-centre
Single-arm
Index lesion
ablation
Multi-centre
RCT Active
surveillance
versus focal
therapy
Single-centre
Single-arm
Single-centre
Single-arm

NCT00807820

HDRbrachytherapy

Phase I

Single-centre
Single-arm
Selective boost
to DIL

56

NCT01423006

RFA

Phase I

Single-centre
Single-arm

7

NCT01726894

IRE

Phase I

Single-centre
Single-arm

20

T1eT2a
PSA < 15 ng/ml
T1c-T2a
Gleason 7 in two
cores or less
PSA < 10 ng/ml
T2ae2b, Gleason 2e6,
PSA 10e20 ng/ml or
T3ae3b, Gleason 2e6,
PSA  20 ng/ml or
T2ae3b, Gleason 7e10,
PSA  20 ng/ml
T1c
Gleason  6
PSA < 10 ng/ml
T1eT2c
Gleason  7
PSA  15 ng/ml

Proportion of men free
of any cancer and free of
clinically signiﬁcant prostate
cancer at 36 months on TPM
Side-effects and quality of life
Absence of cancer in treated
area at 12 months by TRUS
biopsy
Rate of absence of deﬁnite
cancer at 24 months
Rate of failure with observed
progression of disease from
low risk to higher risk
Absence of cancer at 4 months
on TRUS biopsy
Toxicity at 6 months to 2 years
Absence of cancer at 12 and 24
months on biopsy

80

Rate of  grade 3 genitourinary
or gastrointestinal toxicity at
12 months

Absence of cancer at 6 months
on biopsy
Adverse events at 12 months

HIFU, high-intensity focussed ultrasound; PDT, photodynamic therapy; LDR, low dose rate; HDR, high dose rate; RFA, radiofrequency
ablation; IRE, irreversible electroporation; RCT, randomised controlled trial; DIL, dominant intra-prostatic lesion; TPM, transperineal
template mapping prostate biopsy; TRUS, transrectal ultrasound; PSA, prostate-speciﬁc antigen.
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evidence suggesting that the metastatic deposits may arise
from tumours other than the index lesion [107]. Certainly,
any untreated lesions must be meticulously monitored in
these men.
Much progress has been made in focal therapy over the
last 10 years and there is still much to be made. The results
of several prospective trials are eagerly awaited, one that
will present 3 year cancer control data after HIFU (NCT01
194648) and another that will present the results of the
index lesion ablation strategy (NCT00988130) (Table 5). If
reliable and consistent local control of cancer can be proven,
the next step would be randomised controlled trials
comparing active surveillance or radical therapy with focal
therapy. For these trials to be successful it is important that
they are pragmatic and have an adaptive approach to
design, for example, the cohort multiple randomised control trial design [108].
Trials need not limit focal therapy to one speciﬁc ablative
technology, but can include any that have proven efﬁcacy in
local cancer control. Indeed, different ablative energies may
be advantageous in different circumstances. Outcomes of
mortality and metastatic progression would require a large
number of men with a 10e15 year follow-up and so other
outcomes need to also be considered, such as functional
outcomes and side-effects using validated patient questionnaires, the rate of additional systemic therapy and costeffectiveness. In contrast to the adoption of laparoscopic and
robotic radical prostatectomy, with focal therapy we have
the opportunity to evaluate the results of a new technique in
well-designed prospective clinical trials in a timely manner.

Conﬂicts of Interest
M. Emberton and H.U. Ahmed would like to acknowledge
funding from the Medical Research Council (UK), the Pelican
Cancer Foundation Charity, Prostate Cancer UK, St Peters
Trust Charity, Prostate Cancer Research Centre the Wellcome
Trust, National Institute of Health Research-Health Technology Assessment Programme, and the US National Institute of Health-National Cancer Institute. M. Emberton
receives funding in part from the UK National Institute of
Health Research UCLH/UCL Comprehensive Biomedical
Research Centre. M. Emberton and H.U. Ahmed receive
funding from USHIFU, GSK and Advanced Medical Diagnostics for clinical trials. M. Emberton is a paid consultant
to Steba Biotech and USHIFU. Both have previously received
consultancy payments from Oncura/GE Healthcare and
Steba Biotech. V. Kasivisvanathan receives research grant
support from the National Institute of Health Research UK.

References
[1] Wilt TJ, MacDonald R, Rutks I, Shamliyan TA, Taylor BC,
Kane RL. Systematic review: comparative effectiveness and
harms of treatments for clinically localized prostate cancer.
Ann Intern Med 2008;148(6):435e448.
[2] Sanda MG, Dunn RL, Michalski J, et al. Quality of life and
satisfaction with outcome among prostate-cancer survivors.
N Engl J Med 2008;358(12):1250e1261.

[3] Boorjian SA, Eastham JA, Graefen M, et al. A critical analysis of
the long-term impact of radical prostatectomy on cancer control and function outcomes. Eur Urol 2012;61(4):664e675.
[4] Resnick MJ, Koyama T, Fan KH, et al. Long-term functional
outcomes after treatment for localized prostate cancer. N Engl
J Med 2013;368(5):436e445.
[5] Wei JT, Dunn RL, Sandler HM, et al. Comprehensive comparison of health-related quality of life after contemporary
therapies for localized prostate cancer. J Clin Oncol
2002;20(2):557e566.
[6] Welch HG, Albertsen PC. Prostate cancer diagnosis and
treatment after the introduction of prostate-speciﬁc antigen
screening: 1986e2005. J Natl Cancer Inst 2009;101(19):
1325e1329.
[7] Cooperberg MR, Lubeck DP, Meng MV, Mehta SS, Carroll PR.
The changing face of low-risk prostate cancer: trends in
clinical presentation and primary management. J Clin Oncol
2004;22(11):2141e2149.
[8] Collin SM, Martin RM, Metcalfe C, et al. Prostate-cancer
mortality in the USA and UK in 1975e2004: an ecological
study. Lancet Oncol 2008;9(5):445e452.
[9] Schroder FH, Hugosson J, Roobol MJ, et al. Prostate-cancer
mortality at 11 years of follow-up. N Engl J Med 2012;366(11):
981e990.
[10] Andriole GL, Crawford ED, Grubb 3rd RL, et al. Prostate cancer
screening in the randomized Prostate, Lung, Colorectal, and
Ovarian Cancer Screening Trial: mortality results after 13 years
of follow-up. J Natl Cancer Inst 2012;104(2):125e132.
[11] Roobol MJ, Kerkhof M, Schroder FH, et al. Prostate cancer
mortality reduction by prostate-speciﬁc antigen-based
screening adjusted for nonattendance and contamination in
the European Randomised Study of Screening for Prostate
Cancer (ERSPC). Eur Urol 2009;56(4):584e591.
[12] Nordstrom T, Aly M, Clements MS, Weibull CE, Adolfsson J,
Gronberg H. Prostate-speciﬁc antigen (PSA) testing is prevalent and increasing in Stockholm County, Sweden, despite no
recommendations for PSA screening: results from a population-based study, 2003e2011. Eur Urol 2013 Mar;63(3):
419e425.
[13] Wilt TJ, Brawer MK, Jones KM, et al. Radical prostatectomy
versus observation for localized prostate cancer. N Engl J Med
2012;367(3):203e213.
[14] Dall’era MA, Albertsen PC, Bangma C, et al. Active surveillance
for prostate cancer: a systematic review of the literature. Eur
Urol 2012;62(6):976e983.
[15] Godtman RA, Holmberg E, Khatami A, Stranne J, Hugosson J.
Outcome following active surveillance of men with screendetected prostate cancer. Results from the Goteborg randomised population-based prostate cancer screening trial. Eur
Urol 2013;63(1):101e107.
[16] Litwin MS, Lubeck DP, Spitalny GM, Henning JM, Carroll PR.
Mental health in men treated for early stage prostate carcinoma: a posttreatment, longitudinal quality of life analysis
from the Cancer of the Prostate Strategic Urologic Research
Endeavor. Cancer 2002;95(1):54e60.
[17] Galbraith ME, Ramirez JM, Pedro LW. Quality of life, health
outcomes, and identity for patients with prostate cancer in
ﬁve different treatment groups. Oncol Nursing Forum
2001;28(3):551e560.
[18] Wallace M. Uncertainty and quality of life of older men who
undergo watchful waiting for prostate cancer. Oncol Nursing
Forum 2003;30(2):303e309.
[19] Dale W, Bilir P, Han M, Meltzer D. The role of anxiety in
prostate carcinoma: a structured review of the literature.
Cancer 2005;104(3):467e478.

V. Kasivisvanathan et al. / Clinical Oncology 25 (2013) 461e473
[20] McVey GP, McPhail S, Fowler S, McIntosh G, Gillatt D,
Parker CC. Initial management of low-risk localized prostate
cancer in the UK: analysis of the British Association of Urological Surgeons Cancer Registry. BJU Int 2010;106(8):
1161e1164.
[21] Ahmed HU, Pendse D, Illing R, Allen C, van der Meulen JH,
Emberton M. Will focal therapy become a standard of care for
men with localized prostate cancer? Nat Clin Pract Oncol
2007;4(11):632e642.
[22] Eggener SE, Scardino PT, Carroll PR, et al. Focal therapy for
localized prostate cancer: a critical appraisal of rationale and
modalities. J Urol 2007;178(6):2260e2267.
[23] Lindner U, Trachtenberg J, Lawrentschuk N. Focal therapy in
prostate cancer: modalities, ﬁndings and future considerations. Nat Rev Urol 2010;7(10):562e571.
[24] Ahmed HU, Hindley RG, Dickinson L, et al. Focal therapy for
localised unifocal and multifocal prostate cancer: a prospective
development study. Lancet Oncol 2012;13(6):622e632.
[25] Barret E, Ahallal Y, Sanchez-Salas R, et al. Morbidity of focal
therapy in the treatment of localized prostate cancer. Eur Urol
2013 Apr;63(4):618e622.
[26] Mouraviev V, Villers A, Bostwick DG, Wheeler TM,
Montironi R, Polascik TJ. Understanding the pathological
features of focality, grade and tumour volume of early-stage
prostate cancer as a foundation for parenchyma-sparing
prostate cancer therapies: active surveillance and focal targeted therapy. BJU Int 2011;108(7):1074e1085.
[27] Villers A, McNeal JE, Freiha FS, Stamey TA. Multiple cancers in
the prostate. Morphologic features of clinically recognized
versus incidental tumors. Cancer 1992;70(9):2313e2318.
[28] Wise AM, Stamey TA, McNeal JE, Clayton JL. Morphologic and
clinical signiﬁcance of multifocal prostate cancers in radical
prostatectomy specimens. Urology 2002;60(2):264e269.
[29] Noguchi M, Stamey TA, McNeal JE, Nolley R. Prognostic factors
for multifocal prostate cancer in radical prostatectomy specimens: lack of signiﬁcance of secondary cancers. J Urol
2003;170(2 Pt 1):459e463.
[30] Liu W, Laitinen S, Khan S, et al. Copy number analysis indicates monoclonal origin of lethal metastatic prostate cancer. Nat Med 2009;15(5):559e565.
[31] Guo CC, Wang Y, Xiao L, Troncoso P, Czerniak BA. The relationship of TMPRSS2-ERG gene fusion between primary and
metastatic prostate cancers. Hum Pathol 2012;43(5):644e649.
[32] Stamey TA, Freiha FS, McNeal JE, Redwine EA, Whittemore AS,
Schmid HP. Localized prostate cancer. Relationship of tumor
volume to clinical signiﬁcance for treatment of prostate cancer.
Cancer 1993;71(3 Suppl.):933e938.
[33] Epstein JI, Walsh PC, Carmichael M, Brendler CB. Pathologic
and clinical ﬁndings to predict tumor extent of nonpalpable
(stage T1c) prostate cancer. JAMA 1994;271(5):368e374.
[34] Ward JF, Nakanishi H, Pisters L, Babaian RJ, Troncoso P. Cancer
ablation with regional templates applied to prostatectomy
specimens from men who were eligible for focal therapy. BJU
Int 2009;104(4):490e497.
[35] Muto S, Yoshii T, Saito K, Kamiyama Y, Ide H, Horie S. Focal
therapy with high-intensity-focused ultrasound in the treatment of localized prostate cancer. Jpn J Clin Oncol
2008;38(3):192e199.
[36] Karavitakis M, Winkler M, Abel P, Livni N, Beckley I,
Ahmed HU. Histological characteristics of the index lesion in
whole-mount radical prostatectomy specimens: implications
for focal therapy. Prostate Cancer Prostatic Dis 2011;14(1):
46e52.
[37] Bott SR, Ahmed HU, Hindley RG, Abdul-Rahman A, Freeman A,
Emberton M. The index lesion and focal therapy: an analysis

[38]

[39]

[40]

[41]
[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

471

of the pathological characteristics of prostate cancer. BJU Int
2010;106(11):1607e1611.
van As NJ, Norman AR, Thomas K, et al. Predicting the probability of deferred radical treatment for localised prostate
cancer managed by active surveillance. Eur Urol
2008;54(6):1297e1305.
Ahmed HU, Emberton M. Re: Focal therapy for localized
prostate cancer: a critical appraisal of rationale and modalities. J Urol 2008;180(2):780e781. author reply 1e3.
Bahn D, de Castro Abreu AL, Gill IS, et al. Focal cryotherapy for
clinically unilateral, low-intermediate risk prostate cancer in
73 men with a median follow-up of 3.7 years. Eur Urol
2012;62(1):55e63.
Ahmed HU, Emberton M. Focal HIFU for prostate cancerd
authors’ reply. Lancet Oncol 2012;13(7):e284.
D’Amico AV, Cote K, Loffredo M, Renshaw AA, Schultz D.
Determinants of prostate cancer-speciﬁc survival after radiation therapy for patients with clinically localized prostate
cancer. J Clin Oncol 2002;20(23):4567e4573.
D’Amico AV, Whittington R, Malkowicz SB, et al. Biochemical
outcome after radical prostatectomy, external beam radiation
therapy, or interstitial radiation therapy for clinically localized prostate cancer. JAMA 1998;280(11):969e974.
Stolzenburg JU, Bynens B, Do M, Rabenalt R, Katsakiori PF,
Liatsikos E. Salvage laparoscopic extraperitoneal radical
prostatectomy after failed high-intensity focused ultrasound
and radiotherapy for localized prostate cancer. Urology
2007;70(5):956e960.
Ahmed HU, Cathcart P, McCartan N, et al. Focal salvage therapy for localized prostate cancer recurrence after external
beam radiotherapy: a pilot study. Cancer 2012;118(17):
4148e4155.
Eisenberg ML, Shinohara K. Partial salvage cryoablation of the
prostate for recurrent prostate cancer after radiotherapy
failure. Urology 2008;72(6):1315e1318.
Pucar D, Shukla-Dave A, Hricak H, et al. Prostate cancer:
correlation of MR imaging and MR spectroscopy with pathologic ﬁndings after radiation therapy-initial experience.
Radiology 2005;236(2):545e553.
Cellini N, Morganti AG, Mattiucci GC, et al. Analysis of intraprostatic failures in patients treated with hormonal therapy
and radiotherapy: implications for conformal therapy planning. Int J Radiat Oncol Biol Phys 2002;53(3):595e599.
Arrayeh E, Westphalen AC, Kurhanewicz J, et al. Does local
recurrence of prostate cancer after radiation therapy occur at
the site of primary tumor? Results of a longitudinal MRI and
MRSI study. Int J Radiat Oncol Biol Phys 2012;82(5):e787e793.
Heidenreich A, Bastian PJ, Bellmunt J, et al. European Association of Urology 2012 guidelines on prostate cancer. Available
at: http://www.uroweb.org/guidelines/online-guidelines/.
Crawford ED, Rove KO, Barqawi AB, et al. Clinical-pathologic
correlation between transperineal mapping biopsies of the
prostate and three-dimensional reconstruction of prostatectomy specimens. Prostate 2013 May;73(7):778e787.
Hu Y, Ahmed HU, Carter T, et al. A biopsy simulation study to
assess the accuracy of several transrectal ultrasonography
(TRUS)-biopsy strategies compared with template prostate
mapping biopsies in patients who have undergone radical
prostatectomy. BJU Int 2012;110(6):812e820.
Onik G, Miessau M, Bostwick DG. Three-dimensional prostate
mapping biopsy has a potentially signiﬁcant impact on
prostate cancer management. J Clin Oncol 2009;27(26):
4321e4326.
Moran BJ, Braccioforte MH. Stereotactic transperineal prostate
biopsy. Urology 2009;73(2):386e388.

472

V. Kasivisvanathan et al. / Clinical Oncology 25 (2013) 461e473

[55] Demura T, Hioka T, Furuno T, et al. Differences in tumor core
distribution between palpable and nonpalpable prostate tumors in patients diagnosed using extensive transperineal
ultrasound-guided template prostate biopsy. Cancer 2005;
103(9):1826e1832.
[56] Pinkstaff DM, Igel TC, Petrou SP, Broderick GA, Wehle MJ,
Young PR. Systematic transperineal ultrasound-guided template biopsy of the prostate: three-year experience. Urology
2005;65(4):735e739.
[57] Kasivisvanathan V, Dufour R, Moore CM, et al. Transperineal
magnetic resonance image targeted prostate biopsy versus
transperineal template prostate biopsy in the detection of clinically signiﬁcant prostate cancer. J Urol 2013;189(3):860e866.
[58] Pallwein L, Mitterberger M, Gradl J, et al. Value of contrastenhanced ultrasound and elastography in imaging of prostate cancer. Curr Opin Urol 2007;17(1):39e47.
[59] Salomon G, Kollerman J, Thederan I, et al. Evaluation of prostate cancer detection with ultrasound real-time elastography:
a comparison with step section pathological analysis after
radical prostatectomy. Eur Urol 2008;54(6):1354e1362.
[60] Taverna G, Morandi G, Seveso M, et al. Colour Doppler and
microbubble contrast agent ultrasonography do not improve
cancer detection rate in transrectal systematic prostate biopsy sampling. BJU Int 2011;108(11):1723e1727.
[61] Simmons LA, Autier P, Zat’ura F, et al. Detection, localisation
and characterisation of prostate cancer by prostate HistoScanning. BJU Int 2012 Jul;110(1):28e35.
[62] Taverna G, Magnoni P, Giusti G, et al. Impact of real-time
elastography versus systematic prostate biopsy method on
cancer detection rate in men with a serum prostate-speciﬁc
antigen between 2.5 and 10 ng/ml. ISRN Oncology
2012;2013:584e672.
[63] Puech P, Potiron E, Lemaitre L, et al. Dynamic contrastenhanced-magnetic resonance imaging evaluation of intraprostatic prostate cancer: correlation with radical prostatectomy specimens. Urology 2009;74(5):1094e1099.
[64] Villers A, Puech P, Mouton D, Leroy X, Ballereau C, Lemaitre L.
Dynamic contrast enhanced, pelvic phased array magnetic
resonance imaging of localized prostate cancer for predicting
tumor volume: correlation with radical prostatectomy ﬁndings. J Urol 2006;176(6 Pt 1):2432e2437.
[65] Woodﬁeld CA, Tung GA, Grand DJ, Pezzullo JA, Machan JT,
Renzulli 2nd JF. Diffusion-weighted MRI of peripheral zone
prostate cancer: comparison of tumor apparent diffusion
coefﬁcient with Gleason score and percentage of tumor on
core biopsy. AJR Am J Roentgenol 2010;194(4):W316eW322.
[66] Verma S, Rajesh A, Morales H, et al. Assessment of aggressiveness of prostate cancer: correlation of apparent diffusion
coefﬁcient with histologic grade after radical prostatectomy.
AJR Am J Roentgenol 2011;196(2):374e381.
[67] Zakian KL, Sircar K, Hricak H, et al. Correlation of proton MR
spectroscopic imaging with Gleason score based on stepsection pathologic analysis after radical prostatectomy. Radiology 2005;234(3):804e814.
[68] Barentsz JO, Richenberg J, Clements R, et al. ESUR prostate MR
guidelines 2012. Eur Radiol 2012;22(4):746e757.
[69] Dickinson L, Ahmed HU, Allen C, et al. Magnetic resonance
imaging for the detection, localisation, and characterisation of
prostate cancer: recommendations from a European
consensus meeting. Eur Urol 2011;59(4):477e494.
[70] Portalez D, Mozer P, Cornud F, et al. Validation of the European Society of Urogenital Radiology scoring system for
prostate cancer diagnosis on multiparametric magnetic
resonance imaging in a cohort of repeat biopsy patients. Eur
Urol 2012;62(6):986e996.

[71] Bomers JG, Sedelaar JP, Barentsz JO, Futterer JJ. MRI-guided
interventions for the treatment of prostate cancer. AJR Am J
Roentgenol 2012;199(4):714e720.
[72] Cepek J, Chronik B, Lindner U, Trachtenberg J, Fenster A.
Development of an MRI-compatible device for prostate focal
therapy. Med Image Comput Comput Assist Interv 2012;15(Pt
1):455e462.
[73] Lindner U, Ghai S, Spensieri P, et al. Focal magnetic resonance guided focused ultrasound for prostate cancer: Initial
North American experience. Can Urol Assoc J 2012;6(6):
E283eE286.
[74] Ahmed HU, Freeman A, Kirkham A, et al. Focal therapy for
localized prostate cancer: a phase I/II trial. J Urol 2011;185(4):
1246e1254.
[75] El Fegoun AB, Barret E, Prapotnich D, et al. Focal therapy with
high-intensity focused ultrasound for prostate cancer in the
elderly. A feasibility study with 10 years follow-up. Int Braz J
Urol 2011;37(2):213e219. discussion 20e22.
[76] Bahn DK, Silverman P, Lee Sr F, Badalament R, Bahn ED,
Rewcastle JC. Focal prostate cryoablation: initial results show
cancer control and potency preservation. J Endourol
2006;20(9):688e692.
[77] Lambert EH, Bolte K, Masson P, Katz AE. Focal cryosurgery:
encouraging health outcomes for unifocal prostate cancer.
Urology 2007;69(6):1117e1120.
[78] Ellis DS, Manny Jr TB, Rewcastle JC. Cryoablation as primary
treatment for localized prostate cancer followed by penile
rehabilitation. Urology 2007;69(2):306e310.
[79] Onik G, Vaughan D, Lotenfoe R, Dineen M, Brady J. The “male
lumpectomy”: focal therapy for prostate cancer using cryoablation results in 48 patients with at least 2-year follow-up.
Urol Oncol 2008;26(5):500e505.
[80] Windahl T, Andersson SO, Lofgren L. Photodynamic therapy of
localised prostatic cancer. Lancet 1990;336(8723):1139.
[81] Zaak D, Sroka R, Hoppner M, et al. Photodynamic therapy by
means of 5-ALA induced PPIX in human prostate cancerdpre
liminary results. Med Laser Appl 2003;18:91e95.
[82] Moore CM, Nathan TR, Lees WR, et al. Photodynamic therapy
using meso tetra hydroxy phenyl chlorin (mTHPC) in early
prostate cancer. Lasers Surg Med 2006;38(5):356e363.
[83] Amin Z, Lees WR, Bown SG. Technical note: interstitial laser
photocoagulation for the treatment of prostatic cancer. Br J
Radiol 1993;66(791):1044e1047.
[84] Lindner U, Weersink RA, Haider MA, et al. Image guided
photothermal focal therapy for localized prostate cancer:
phase I trial. J Urol 2009;182(4):1371e1377.
[85] Lindner U, Lawrentschuk N, Weersink RA, et al. Focal laser
ablation for prostate cancer followed by radical prostatectomy: validation of focal therapy and imaging accuracy. Eur
Urol 2010;57(6):1111e1114.
[86] Raz O, Haider MA, Davidson SR, et al. Real-time magnetic
resonance imaging-guided focal laser therapy in patients
with low-risk prostate cancer. Eur Urol 2010;58(1):173e177.
[87] Lindner U, Louis SA, Colquhoun JA, et al. First robotic magnetic
resonance-guided laser focal therapy for prostate cancer: a case
report and review of the literature. Interven Oncol Soc J
2011;1(1):69e77.
[88] D’Amico AV, Tempany CM, Schultz D, et al. Comparing PSA
outcome after radical prostatectomy or magnetic resonance
imaging-guided partial prostatic irradiation in select patients
with clinically localized adenocarcinoma of the prostate.
Urology 2003;62(6):1063e1067.
[89] Albert M, Tempany CM, Schultz D, et al. Late genitourinary
and gastrointestinal toxicity after magnetic resonance
image-guided prostate brachytherapy with or without

V. Kasivisvanathan et al. / Clinical Oncology 25 (2013) 461e473

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

neoadjuvant external beam radiation therapy. Cancer
2003;98(5):949e954.
Hsu CC, Hsu H, Pickett B, et al. Feasibility of MR imaging/MR
spectroscopy-planned focal partial salvage permanent prostate
implant (PPI) for localized recurrence after initial PPI for prostate
cancer. Int J Radiat Oncol Biol Phys 2013;85(2):370e377.
McKenna DA, Coakley FV, Westphalen AC, et al. Prostate
cancer: role of pretreatment MR in predicting outcome after
external-beam radiation therapy e initial experience. Radiology 2008;247(1):141e146.
Langley S, Ahmed HU, Al-Qaisieh B, et al. Report of a
consensus meeting on focal low dose rate brachytherapy for
prostate cancer. BJU Int 2012;109(Suppl. 1):7e16.
Ares C, Popowski Y, Pampallona S, et al. Hypofractionated
boost with high-dose-rate brachytherapy and open magnetic
resonance imaging-guided implants for locally aggressive
prostate cancer: a sequential dose-escalation pilot study. Int J
Radiat Oncol Biol Phys 2009;75(3):656e663.
Fuller DB, Naitoh J, Lee C, Hardy S, Jin H. Virtual HDR CyberKnife
treatment for localized prostatic carcinoma: dosimetry comparison with HDR brachytherapy and preliminary clinical observations. Int J Radiat Oncol Biol Phys 2008;70(5):1588e1597.
King CR, Brooks JD, Gill H, Pawlicki T, Cotrutz C, Presti Jr JC.
Stereotactic body radiotherapy for localized prostate cancer:
interim results of a prospective phase II clinical trial. Int J
Radiat Oncol Biol Phys 2009;73(4):1043e1048.
Shariat SF, Raptidis G, Masatoschi M, Bergamaschi F,
Slawin KM. Pilot study of radiofrequency interstitial tumor
ablation (RITA) for the treatment of radio-recurrent prostate
cancer. Prostate 2005;65(3):260e267.
Djavan B, Zlotta AR, Susani M, et al. Transperineal radiofrequency
interstitial tumor ablation of the prostate: correlation of magnetic resonance imaging with histopathologic examination.
Urology 1997;50(6):986e992. discussion 92e93.
Thomson KR, Cheung W, Ellis SJ, et al. Investigation of the
safety of irreversible electroporation in humans. J Vasc Interv
Radiol 2011;22(5):611e621.

473

[99] Kasivisvanathan V, Thapar A, Oskrochi Y, Picard J, Leen EL.
Irreversible electroporation for focal ablation at the porta
hepatis. Cardiovasc Intervent Radiol 2012;35(6):1531e1534.
[100] Krishnan S, Diagaradjane P, Cho SH. Nanoparticle-mediated
thermal therapy: evolving strategies for prostate cancer
therapy. Int J Hyperthermia 2010;26(8):775e789.
[101] Rouviere O, Glas L, Girouin N, et al. Prostate cancer ablation
with transrectal high-intensity focused ultrasound:
assessment of tissue destruction with contrast-enhanced
US. Radiology 2011;259(2):583e591.
[102] Rouviere O, Lyonnet D, Raudrant A, et al. MRI appearance of
prostate following transrectal HIFU ablation of localized
cancer. Eur Urol 2001;40(3):265e274.
[103] Rouviere O, Girouin N, Glas L, et al. Prostate cancer transrectal HIFU ablation: detection of local recurrences using
T2-weighted and dynamic contrast-enhanced MRI. Eur
Radiol 2010;20(1):48e55.
[104] Rouviere O, Vitry T, Lyonnet D. Imaging of prostate cancer
local recurrences: why and how? Eur Radiol 2010;20(5):
1254e1266.
[105] Kirkham AP, Emberton M, Hoh IM, Illing RO, Freeman AA,
Allen C. MR imaging of prostate after treatment with
high-intensity focused ultrasound. Radiology 2008;246(3):
833e844.
[106] Ellis DS, Manny Jr TB, Rewcastle JC. Focal cryosurgery followed by penile rehabilitation as primary treatment for
localized prostate cancer: initial results. Urology 2007;70(6
Suppl.):9e15.
[107] Gburek BM, Kollmorgen TA, Qian J, D’Souza-Gburek SM,
Lieber MM, Jenkins RB. Chromosomal anomalies in stage
D1 prostate adenocarcinoma primary tumors and lymph
node metastases detected by ﬂuorescence in situ hybridization. J Urol 1997;157(1):223e227.
[108] Relton C, Torgerson D, O’Cathain A, Nicholl J. Rethinking
pragmatic randomised controlled trials: introducing the
“cohort multiple randomised controlled trial” design. Br
Med J 2010;340:c1066.

