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Abstract

The proportion of men with low- to intermediate-risk prostate cancer is rising with the increasing use of formal
and informal prostate-specific antigen screening. The risk-to-benefit ratio of radical therapy is large with many
men suffering genitourinary side effects compared with the small degree of cancer control that they derive from
surgery or radiotherapy. On the other hand, the current alternative, active surveillance, carries risk of pro-
gression as well as some psychological and healthcare burdens. Focal treatment may be an acceptable alter-
native: in aiming to destroy only the areas of prostate cancer, focal therapy could deliver cancer control while at
the same time avoid damage to surrounding structures. This may reduce incontinence, impotence, and rectal
toxicity. Improvements in localization of cancer such as template transperineal prostate-mapping biopsies as
well as state-of-the-art imaging such as multiparametric MRI and novel ultrasound-based tissue characterization
tools have made the delivery of focal therapy possible. Minimally invasive ablative technologies such as cryo-
therapy, high-intensity focused ultrasound, photodynamic therapy, photothermal therapy, or radiofrequency
interstitial tumor ablation can precisely treat to within a few millimeters. Early studies evaluating focal therapy
have found a lower side-effect profile with acceptable short- to medium-term cancer control rates. If these
promising results are confirmed in future prospective trials, focal therapy could start to challenge the current
standard of care.

Introduction

Prostate cancer is the most commonly diagnosed male
cancer in the United States. It represents the second

leading cause of cancer-related death with 1 man in every 34
dying of the disease.1 However, once prostate cancer is di-
agnosed in a man the aim of therapy must be to optimize the
risk-to-benefit ratio. At present, a man with prostate cancer
has to choose between radical therapy and active surveillance
(AS). The difference between these in terms of cancer-related
deaths for a prostate-specific antigen (PSA) screened popu-
lation is unknown, but a number of studies point to this dif-
ference being minimal. First, the Scandinavian randomized
controlled trial assessing the difference between radical sur-
gery and watchful waiting demonstrated only a 5% absolute
risk reduction in mortality rates using surgery over a 10-year
period, but this was within a clinically detected population of
men rather than a screen-detected population.2,3 Second, the
two PSA screening randomized controlled studies from the
United States and Europe showed that the benefits of early
detection were negligible or small at most. In other words,

although the European screening trial demonstrated a signifi-
cant decrease in mortality when screening was implemented,
there was significant overdiagnosis and overtreatment. The
study found that for every one prostate-cancer-related death
averted 48 men needed to be diagnosed and treated. The
problem is that radical therapy carries on average, a 50%
chance of impotence, a 10% chance of urinary incontinence,
and a 10% risk of rectal toxicity.4–6 Combined with the pro-
pensity to detect low-risk cancers in younger men as a result
of formal and informal screening practices, the overtreatment
burden is large.

The challenge of offering a treatment, as opposed to sur-
veillance for those men who will not accept surveillance, is
to permit cancer control but with a minimum of treatment-
related side effects. Focal therapy proposes to treat only the
lesion, so minimizing collateral tissue damage and potentially
reduce side effects traditionally associated with radical treat-
ment, while offering ablation of the cancer.7 In almost all other
solid or hollow organ cancers, tissue preservation with sur-
veillance of the remainder of the organ has been a key tenet:
wide local excision for breast cancer, partial nephrectomy for
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renal cancer, hemicolectomy for colon cancer, and partial
thyroid ectomy for thyroid cancer. In all of these cancers, a
form of focal therapy is now a standard option with reduced
toxicity and quality-of-life sequelae with proven efficacy.

Materials and Methods

We reviewed articles about focal therapy for prostate can-
cer using PubMed=Medline between January 1, 2000, and
December 1, 2009. The following keywords were used: focal
therapy and prostate cancer. Relevant articles were identified.
In addition, key articles that formed the background to the
rationale of focal therapy, based on personal bibliographies
and a manual search of reference lists, were also used even if
they fell outside the period of search.

Current Standard of Care

Active surveillance

AS is different in its approach to watchful waiting. AS aims
to institute therapy with a curative intent if cancer progression
is demonstrated, whereas watchful waiting instigates pallia-
tive treatment in case of symptomatic progression. First, with
current trends of PSA screening and the lowered PSA thre-
shold for biopsy, 45% to 85% of patients fall in the category
of low-risk Prostate Cancer (PCa) (PSA < 10mg=L, Gleason
grade 3 þ 3, cT1c–cT2a). Moreover, it is estimated that be-
tween 25% and 84% of PCa patients currently being treated
would not succumb to their disease should their PCa be left
untreated (insignificant disease).8 Sartor et al report on their
review the Kattan’ nomogram, that Predicts the probability of
cancer death in 10 years in the case of watchful waiting. This
includes PSA, stage, Gleason score, biopsy type, percentage of
cancer on the biopsy core, age, and neoadjuvant hormones.9

Criteria for AS attempt to identify low-risk cancer with the
following criteria usually used: PSA < 10 ng=mL, PSA dou-
bling time> 3 years, Stage T1c to T2a, Gleason< 7, percentage
of positive number of cores, and maximum cancer core length
involvement < 50% of a single biopsy core.10–15 Detection of
progression uses a combination of clinical examination, PSA
kinetics such as doubling time or velocity (every 3–6 months),
and control biopsies (at year 1 and then every 2–3 years). This
regimen is thought to carry no side effects, as there is no
treatment until progression. However, AS does involve some
deterioration of quality of life all the same, as shown by
studies utilizing validated health questionnaires.8,16–19

In addition, the psychological burden of living with an
untreated cancer may also be a problem. A number of groups
have attempted to test this factor, but differing conclusions
have been reached. A number of studies have shown higher
anxiety levels as a result of surveillance,20–22 whereas others23

did not demonstrate this. This may reflect patient-specific and
investigator-specific factors. In other words, the degree to
which a patient is comfortable with surveillance may reflect
the confidence that his clinician has in AS to detect progres-
sion before the disease becoming incurable. This is likely but
as yet remains unproven.

In addition, there is still no long-term efficacy data con-
cerning cancer control. Medium-term outcome data have
demonstrated that, on average, about one quarter of pa-
tients progress on biochemical or histological parameters,
although the biochemical progression definitions have not

been validated. Further, it could be argued that grade pro-
gression is not that at all, but simply the ability of further
biopsies to overcome the inherent sampling error of diagnostic
transrectal ultrasound (TRUS)-guided biopsies in determining
burden and grade of cancer. The presence of higher-grade
disease and higher burden of disease missed on diagnostic
biopsies may also impact indirectly on the biochemical pro-
gression rates although this is difficult to ascertain.

On the other hand, this regimen may allow curable cancer
to progress into disease with extracapsular extension, or
lymph node metastases. For example, Klotz24 reports a study
in which 24 patients underwent a radical prostatectomy in a
protocol of AS. Final pathology was pT3a-c in 52%, while 8%
were N1 on staging. Some have argued that as we have a
limited ability to predict which cancers can be safely ob-
served, there is the potential for undertreating patients and
compromising survival—Klotz’s24 latest data will only add to
that dissension. Long-term follow-up is required to assess the
undertreatment issue.26

Radical therapy

Active whole-gland treatments for prostate cancer include
radical prostatectomy, external beam radiotherapy, and bra-
chytherapy. Although this is the standard of care for deliv-
ering a curative intent for managing prostate cancer, side
effects of this approach can be significant because of damage
to surrounding structures. These include (1) bladder and
bladder neck that lead to reduced bladder capacity, urge in-
continence, and bladder neck strictures; (2) rhabdo-sphincter
leading to stress incontinence; (3) neurovascular bundles
leading to erectile dysfunction; and (4) rectal injury causing
diarrhea, pain, and bleeding (particularly after radiotherapy).
The side effect profile is shared between all whole-gland ap-
proaches although the exact frequency and severity will vary
between therapies. Improvements in laparoscopic and robotic
surgery as well as intensity-modulated radiation therapy
have shown limited success, if any, in reducing toxicity. Par-
ticularly, potency and continence rates have not significantly
improved,6,27,28 and one recent study has demonstrated
slightly worse outcomes after minimally invasive surgery.4

It could be argued that living with the side effects of treat-
ment can be worse than living with the disease because very
few men die of the disease if on surveillance.

Focal therapy—a middle way

The ability to deliver a therapeutic strategy that treats the
cancer while reducing the treatment burden is clearly needed
to offer a middle way between the two extremes of care we
have outlined in the preceding sections. Over 5 years ago,
there was no option available between AS and radical ther-
apy. We could not contemplate treating discrete foci within
the gland if we were unable to localize the disease and abla-
tive techniques were in their infancy. Improvements in pros-
tate cancer localization using saturation and template biopsy
strategies as well as newer imaging modalities have made
the first issue less problematic. Ablative therapies such as
high-intensity focused ultrasound (HIFU), cryosurgery, pho-
todynamic therapy (PDT), photothermal therapy, and radio-
frequency interstitial tumor ablation at the same time have
enabled precision ablation to be delivered to almost milli-
meter accuracy.
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Focal Therapy: An Emergent Concept

Pathology

For the moment, there is no consensus about which criteria
should be used to identify the ideal group of patients for focal
therapy. Prostate cancer is regarded as a multifocal disease.
However, several studies, based on radical prostatectomies
specimens, have found a significant proportion of men with
either unifocal or unilateral disease. Unilateral disease was
found in 16% to 63% of men in some series29–35 and 13% to
26% with unifocal disease.9,30,31,36 This raises the prospect that
on average one-third of men could be treated with a focal
therapy strategy that is targeted to only half of the gland.
However, there must be some caution in this proposal. One
study seems to demonstrate that unifocal cancer may have a
more aggressive behavior than multifocal disease. In a series
of 1159 radical prostatectomies, pathological examination
found 18.7% versus 10.1% of Gleason 8 to 10 for unifocal and
multifocal cancers, respectively; in addition, there was 38.5%
and 24.2% biochemical recurrence, respectively. Unifocal
cancers had a significantly worse biochemical recurrence-free
survival.

The index lesion

Thus, the concept of insignificant and significant foci that
exist within the same gland and the concept of the index lesion
may be relevant here.37 It has been demonstrated that a cut-off
volume of 0.5 cm3 (less than a diameter of 9–10 mm) repre-
sents significant disease that gives rise to disease progres-
sion.38 Eighty percent of secondary nonindex lesions are less
than 0.5 cm3.9,33,39,40 Moreover, secondary cancer foci were
found to have on average a cumulative volume less of 0.3 cm3.
Ninety percent of extracapsular extension, when present,
apparently comes from the index lesion, with this index lesion
representing 80% of the total tumor volume.8,9,41–49 Presence
and volume of the secondary cancer foci has no influence on
biochemical recurrence after a radical prostatectomy.9 Focal
therapy could permit acceptable cancer control by just treat-
ing the index lesion, although this is an area of contention and
controversy. The key is in identifying those patients who have
significant foci and ensuring those areas that are not treated in
focal therapy do not harbor metastatic potential. A systematic
review and meta-analysis found that small-volume insignifi-
cant tumors on biopsy are those that have one single positive
core, less than 3 mm length and without grade 4 or 5.38,50

Criteria for population suitable for focal therapy

A number of consensus groups have met to discuss rec-
ommendations for focal therapy. In 2006, the first criteria
appeared in the Consensus Conference on Focal Treatment:
life expectancy > 5 years, stage T1 to T3, PSA < 15 ng=mL, no
M1 disease. They considered lymph node disease as a relative
contraindication, while in addition stating that PSA density,
PSA doubling time, Gleason score, and ploidy status should
not be taken into account.51 These liberal rules for inclusion
took a pragmatic approach so that most men who were
deemed either localized or could derive benefit from cytor-
eductive local (focal) therapy with adjuvant systemic therapy
could be treated. However, another eminent group, the Focal
Lesion TASK Force group, proposed criteria that were more
stringent: clinical stage T1–T2a, PSA< 10 ng=mL, PSA density

< 0.15 ng=mL, PSA velocity < 2 ng=mL yearly, no Gleason
4 or 5, and no evidence of extraprostatic extension and sin-
gle lesion.52 It seems that this is the very same patient popu-
lation that would be suitable for no treatment because some
of the criteria are much more strict than current AS protocols.
Sartor et al9 made another recommendation for patient in-
clusion by adding criteria for lesion size on imaging. For in-
stance, a single lesion should not exceed the largest dimension
of 15 mm in any plane by imaging with capsular contact not
to exceed 5 mm on axial images. Further, the regional nodes
should not be suspicious for metastatic disease (i.e., they
should measure < 7 mm in the short axis and have a smooth
border, while there should not be an asymmetric cluster of
nodes).

The University College London focal therapy HIFU trials
that we are currently conducting use the following criteria for
patients eligible for focal therapy: Life expectancy > 5 years,
PSA " 15 ng=mL, multiparametric MRI and=or template
transperineal biopsies performed before treatment all dem-
onstrating stage T1-2 N0M0, Gleason score " 7, and showing
no clinically significant disease elsewhere (either no cancer or
cancer with no Gleason pattern 4 and maximum core length
involvement on template biopsies of " 3 mm).

Localization of disease—ultrasound

TRUS has a low specificity for prostate cancer. Recently,
contrast-enhanced TRUS (CE-TRUS) has appeared. Although
it has not been extensively tested, it has been found to provide
higher sensitivity for detection of cancer foci. The detection
rate of clinically significant prostate cancers was improved in
a number of studies.53–56 It can also be used to guide biop-
sies.57 CE-TRUS during therapy appears to provide excellent
good measure of the actual treatment effect and whether
surrounding structures are damaged. Studies are needed to
compare this feedback imaging with CE MRI within 1 to 2
weeks of treatment.58 Histoscanning has also demonstrated
some promise in detection of clinically significant prostate
cancer although further validating studies in Europe are
currently under way.59 Elastography may also have good
accuracy for lesion localization, with the latest evidence
demonstrating a sensitivity of 75% and specificity of 77%.
However, like the other two modalities, this needs further
validating studies in a well-characterized group of men who
do not have cancer to verify its place in the diagnostic arma-
mentarium of prostate cancer.60

Localization of disease—MRI

New MRI functional techniques, such as dynamic CE MRI
(DCE-MRI), diffusion-weighted MRI (DW-MRI), and MR
spectroscopic imaging (MRSI), provide improved accuracy
over standard T2-weighted images. This accuracy seems to be
cancer volume related as in the new ultrasound modalities.38

Several studies have shown a better localization and a better
detection rate of prostate cancer with these new techniques.

DCE-MRI is considered as the most sensitive sequence
for identification and staging of organ-confined peripheral
or transition zone cancers. This technique also showed a
significant improvement on anterior tumor identification.38

Sensitivity and specificity of DCE-MRIþ T2-MRI are superior
to T2-MRI alone.61–63 These results may be sufficient for its
use in guiding treatments.54,64 Tumor volume is best estimated
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on DCE-MRI,65 and the degree of enhancement may be related
to Gleason grade.66

DW-MRI adds improved sensitivity to T2-MRI alone.67,68 It
seems to be helpful in detecting small prostate cancers.62,69–71

However, there is no evidence supporting its sole use over a
combination approach with DCE-MRI in a multiparametric
imaging protocol.38 However, the high specificity of DW-MRI
is of interest to assess low-risk patients who may be candi-
dates for AS or deferred therapy.38

Several studies have found that MRSI adds value to MRI
with a higher detection rate than T2-MRI alone, and a higher
sensitivity and specificity in low-risk tumor detection.33 MRSI
can also exclude an extensive or aggressive cancer in men
with low-risk disease. It is helpful in targeting treatment.9

However, caution is required with a large multicenter trial
in the United States, demonstrating that MRSI has no value
in tumor detection over and above that of T2-MRI alone.72 In
addition, the problem can be more technical difficulties com-
pared with T2 alone and the long and steep learning curve
with this modality.

In summary, because of these improvements, multipara-
metric MRI protocols have shown much promise in ruling in
clinically significant prostate cancers, with a volume cut-off
of 0.5 cm3, and in ruling out clinically significant lesions in
untreated areas of the prostate, in accurate localization of the
cancer, and in cancer characterization (intraprostatic location,
grade, and extraprostatic extension).38,53,73,74 Image-guided
treatment is now developing, with CE ultrasound43,58 or
MRI.44–47

Localization of disease—TRUS biopsy

Prostate biopsies are essential to localize and characterize
the cancer until there is strong evidence that multiparametric
MRI has sufficient accuracy. TRUS biopsy is not an accurate
method to assess unifocality of cancer and to correctly identify
men appropriate for focal therapy, whether these are 12-core
biopsy or transrectal saturation biopsies.32,75–77

Localization of disease—template transperineal biopsy

Transperineal ultrasound-guided mapping biopsies per-
formed using a brachytherapy template, with one core every
5 mm, can be used to provide three-dimensional coordinates
of the cancer areas within the prostate. Different studies have
shown that prostate-mapping biopsies accurately demon-
strate clinically significant prostate cancer with a high degree
of sensitivity.75 Cancer detection rates increase from 29% to
34% for traditional techniques to 47% to 70% for prostate-
mapping biopsies,61,78 particularly in the anterior portion of
the gland that is inherently undersampled by the standard
transrectal route.9,75 Crucially, template-mapping biopsies
provide accurate information concerning Gleason grade and
location.30,61,75 On simulation models, these biopsies per-
formed every 5 mm could detect 95% of focal cancers.78 As
they do not traverse rectal mucosa the infection rate is sig-
nificantly lower.9 Authors and consensus groups alike have
concluded that mapping biopsies should be recommended as
the primary tool for selection of focal therapy patients.30

However, one must remember that the extensive fibrosis from
template biopsies may pose problems if salvage surgery is
required with some authors stating dissection difficulties if a
radical prostatectomy is then performed.9,25,75

Techniques of focal therapy

Cryotherapy. Data from focal cryotherapy have demon-
strated biochemical disease-free rates ranging between 80%
and 96%.30,41,42,79–81 Disease-free survival at 3 years is 84%
in one study.82 All the studies using American Society for
Therapeutic Radiation Oncology–Phoenix or the old Ameri-
can Society for Therapeutic Radiation oncology criteria show
that primary cryotherapy appears to be comparable, for low-
risk patients, as other treatments currently used as standard
care. Morbidity seems to be lower after focal cryotherapy
when compared with other series evaluating whole-gland
cryotherapy.83,84 Contemporary results for focal cryotherapy
show that 90% of men retain potency with little to no incon-
tinence.82 Comparable rates for whole-gland cryosurgery are
90% or more impotence. In future, the ability to evaluate focal
cryotherapy, from large multicenter databases such as the
Cryo On-Line Data registry, will be important (see Table 2).

High-intensity focused ultrasound. Two transrectal de-
vices currently exist: the Ablatherm! device (Edap-
Technomed, Lyon, France) and the Sonablate! 500 (Focus
Surgery, Indianapolis, IN). Side effects from whole-gland
HIFU have been reported as incontinence (0.5%–15.4%),
urethral stricture (24%), fistula (0%–2%), and impotence
(13%–53%).83 HIFU is promising because it allows precision
in targeting lesions and control of the energy, and it seems
to have a low morbidity.85 There has been only one poorly
reported and standardized series of focal HIFU86 in the liter-
ature although a number of studies are close to finalization at
our center and have been presented in their interim form at
the European Congress (2009) and at the Focal Therapy
Workshop in Amsterdam (2009) (see Table 1).

Photodynamic therapy. PDT uses a photosensitizing
drug that accumulates preferentially in tumor tissue. The
drug is then activated by light of a specific wavelength in
the tissue or in the vasculature. Tissue oxygen is required
for the treatment effect. The activated drugs, associated with
oxygen, create tissue damage. This technique is based on a
transperineal approach, using a brachytherapy template to
insert optical fibers that bring low power laser light.

A few studies are reported. Ahmed et al83 reviewed seven
studies recently. Efficacy with respect to this technique seems
to be promising, but in all the studies, there was poor biopsy
correlation to treatment with most reporting PSA kinetics. On
the other hand, side effects of PDT are better reported. Pro-
spective phase II trials in European multicenter studies and
within the United States are currently ongoing. Preliminary
results are encouraging, but final results are awaited,87 with
cancer control yet to be confirmed.88

Photothermal therapy. This uses interstitial laser fibers
inserted under image guidance, usually MRI, to ablate tissue.
There has been one series in 12 men that has been reported
demonstrating feasibility and low toxicity.43 Owing to the
nature of the study, negative biopsy rates after treatment were
67%, but further larger studies are needed to evaluate this
modality further.

Radiofrequency interstitial tumor ablation and brachy-
therapy. Both of these are performed by the transperineal
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approach, using percutaneous needles inserted under ultra-
sound guidance. Both could be capable of focal therapy, but
there have been no studies to date.

Conclusion

Focal therapy appears to be a logical alternative to radical
treatment and AS, potentially combining cancer control and
minimal morbidity.8 The concept of focal therapy is now
frequently used in breast or kidney cancer, and increasingly
the subject has received much attention from a number of key
groups in Europe and North America. The ideal patient group
for this new strategy and an accurate method to localize
cancer in the prostate is yet to be agreed upon with the opti-
mal ablative technique unknown. As cryotherapy is the better
studied focal therapy technique, some consider this modality
as the most appropriate technology for early stage localized
prostate cancer in appropriately selected patients.89 However,
PDT and HIFU seem to offer better control over the ablative
delivery and could deliver very discrete ablation. There is
insufficient follow-up concerning focal therapy techniques
and certainly no comparative data that can be drawn upon.
Feasibility and safety trials are currently in process regarding
PDT and HIFU. Efficacy of focal therapy should be assessed
by trials with standardized criteria such as negative biopsies,
and negative imaging tests, as these examinations have
demonstrated their ability to detect tumor both before biopsy
and after ablative treatment. Biochemical failure may less
significance since untreated tissue that is growing with age
remains. Comparative trials using standard care as the opti-
mal comparators (AS and radical therapies) seem to be the
most appropriate, considering the uncertainty in standard
care, but recruitment to any randomized controlled trial may
be difficult to recruit to. The preliminary results of focal
therapy demonstrate promise and provide justification to
prioritize this research question within the prostate research
community within strong, well-managed collaborative
groups working toward a common purpose.
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Table 1. Focal Therapy High-Intensity
Focused Ultrasound Retrospective Series

Muto et al (2008)
(Sonablate 500)

Barret (2009)*
(Ablatherm)

No. 29 12
Therapy Hemiablation Hemiablation
Biopsy TRUS biopsy TRUS biopsy
Mean PSA (ng=mL) 5 (range 2–25) < 10
Gleason score " 8 " 7
Potency Not reported Not reported
Incontinence Not reported 0%
Disease control 76.5% (biopsy) 58% (10 years)

*Presented at the 2nd International Workshop on Focal Therapy
and Imaging in Prostate and Kidney Cancer. June 10–13, 2009.
Amsterdam, The Netherlands.

TRUS ¼ transrectal ultrasound; PSA ¼ prostate-specific antigen.

T
a

bl
e

2.
F

o
c

a
l

T
h

er
a

py
C

r
yo

su
r

g
er

y
Se

r
ie

s

O
n

ik
20

09
(E

n
do

ca
re

)
E

ll
is

et
al

20
07

(E
n

do
ca

re
)

L
am

be
rt

et
al

20
07

(O
n

cu
ra

)
B

ah
n

et
al

20
06

(E
n

do
ca

re
)

C
ra

w
fo

rd
et

al
20

09
(E

n
do

ca
re

)
C

O
L

D
R

eg
is

tr
y

20
09

(E
n

do
ca

re
)

N
o

.
11

2
60

25
31

10
0

79
5

T
h

er
ap

y
H

em
i

H
em

i
H

em
i

H
em

i
F

o
ca

l
‘‘F

o
ca

l=
P

ar
ti

al
’’

B
io

p
sy

T
em

p
la

te
T

R
U

S
T

R
U

S
T

R
U

S
þ

D
o

p
p

le
r

T
em

p
la

te
T

R
U

S

M
ea

n
P

SA
(n

g
=m

L
)

8.
3

7.
2
$

4.
7

6
(r

an
g

e
1–

13
)

4.
95

5.
2
$

4.
1

G
le

as
o

n
sc

o
re

"
6

"
8

"
7

"
7

"
7

"
8

P
o

te
n

cy
85

%
70

.6
%

70
.8

%
89

%
83

%
65

%
In

co
n

ti
n

en
ce

0%
3.

6%
0%

0%
—

2.
8%

F
o

ll
o

w
-u

p
(m

ea
n

,
m

o
n

th
s)

43
.2

15
.2

28
70

—
12

D
is

ea
se

co
n

tr
o

l
93

%
N

E
D

76
.7

%
(b

io
p

sy
)

88
%

(>
50

%
n

ad
ir

re
d

u
ct

io
n

)

96
%

(b
io

p
sy

)
92

%
(A

ST
R

O
)

97
%

(b
io

p
sy

at
12
=1

2)
4.

5%
(3

6=
29

5)
25

%
(3

6=
19

9)
83

%
(A

ST
R

O
)

A
ST

R
O
¼

A
m

er
ic

an
So

ci
et

y
fo

r
T

h
er

ap
eu

ti
c

R
ad

ia
ti

o
n

O
n

co
lo

g
y

;
N

E
D
¼

N
o

ev
id

en
ce

o
f

d
is

ea
se

.

FOCAL THERAPY IN PROSTATE CANCER 815



2009–2010. Mark Emberton is in part funded by the NIHR
UCLH=UCL Comprehensive Biomedical Research Centre.
Hashim Uddin Ahmed is funded by the Medical Research
Council from the Research Fellowship scheme. Hashim Uddin
Ahmed and Mark Emberton receive funding from Pelican
Cancer Foundation, United Kingdom, The Prostate Research
Campaign UK, the Prostate Cancer Research Centre, and St.
Peters Trust for work in focal therapy. In addition, Mark
Emberton receives research funding from Steba Biotech (Paris,
France) manufacturers of TOOKAD, a photodynamic agent
used in prostate cancer therapy. Mark Emberton is a Director
of Mediwatch PLC (Rugby, United Kingdom) and Prostate
Mapping Ltd. (Bristol, United Kingdom). Caroline Moore and
Mark Emberton have received travel grants for conferences
and medical advisory fees from Steba Biotech. Hashim Uddin
Ahmed has received travel grant for participation in confer-
ences from USHIFU=Focus Surgery=UKHIFI=Misonix. None
of the funding sources had any role in the writing of this
article.

References

1. Umbehr M, Bachmann LM, Held U, et al. Combined magnetic
resonance imaging and magnetic resonance spectroscopy
imaging in the diagnosis of prostate cancer: A systematic re-
view and meta-analysis. Eur Urol 2009;55:575–590.

2. Bill-Axelson A, Holmberg L, Ruutu M, et al. Radical pros-
tatectomy versus watchful waiting in early prostate cancer.
N Engl J Med 2005;352:1977–1984.

3. Bill-Axelson A, Holmberg L, Filen F, et al. Radical prosta-
tectomy versus watchful waiting in localized prostate can-
cer: The Scandinavian prostate cancer group-4 randomized
trial. J Natl Cancer Inst 2008;100:1144–1154.

4. Hu JC, Gu X, Lipsitz SR, et al. Comparative effectiveness of
minimally invasive vs open radical prostatectomy. JAMA
2009;302:1557–1564.

5. Cahlon O, Hunt M, Zelefsky MJ. Intensity-modulated radi-
ation therapy: Supportive data for prostate cancer. Semin
Radiat Oncol 2008;18:48–57.

6. Sharma NL, Shah NC, Neal DE. Robotic-assisted laparo-
scopic prostatectomy. Br J Cancer 2009;101:1491–1496.

7. 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;4:632–642.

8. Lindner U, Trachtenberg J. Focal therapy for localized
prostate cancer—choosing the middle ground. Can Urol
Assoc J 2009;3:333–335.

9. Sartor AO, Hricak H, Wheeler TM, et al. Evaluating local-
ized prostate cancer and identifying candidates for focal
therapy. Urology 2008;72(6 Suppl):S12–S24.

10. Ahmed HU, Emberton M. Active surveillance and radical
therapy in prostate cancer: Can focal therapy offer the
middle way? World J Urol 2008;26:457–467.

11. Klotz L. Active surveillance for prostate cancer: For whom?
J Clin Oncol 2005;23:8165–8169.

12. Freedland SJ, Aronson WJ, Terris MK, et al. Percent of
prostate needle biopsy cores with cancer is significant in-
dependent predictor of prostate specific antigen recurrence
following radical prostatectomy: Results from SEARCH
database. J Urol 2003;169:2136–2141.

13. Amin M, Boccon-Gibod L, Egevad L, et al. Prognostic and
predictive factors and reporting of prostate carcinoma in

prostate needle biopsy specimens. Scand J Urol Nephrol
Suppl 2005; (216):20–33.

14. Antunes AA, Srougi M, Dall’Oglio MF, Crippa A, Cam-
pagnari JC, Leite KR. The percentage of positive biopsy
cores as a predictor of disease recurrence in patients with
prostate cancer treated with radical prostatectomy. BJU Int
2005;96:1258–1263.

15. Zhou P, Chen MH, McLeod D, Carroll PR, Moul JW,
D’Amico AV. Predictors of prostate cancer-specific mortality
after radical prostatectomy or radiation therapy. J Clin On-
col 2005;23:6992–6998.

16. Fujita K, Landis P, McNeil BK, Pavlovich CP. Serial prostate
biopsies are associated with an increased risk of erectile
dysfunction in men with prostate cancer on active surveil-
lance. J Urol 2009;182:2664–2669.

17. Bacon CG, Giovannucci E, Testa M, Kawachi I. The impact
of cancer treatment on quality of life outcomes for patients
with localized prostate cancer. J Urol 2001;166:1804–1810.

18. Galbraith ME, Ramirez JM, Pedro LW. Quality of life, health
outcomes, and identity for patients with prostate cancer in
five different treatment groups. Oncol Nurs Forum 2001;28:
551–560.

19. 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;95:54–60.

20. Dale W, Bilir P, Han M, Meltzer D. The role of anxiety in
prostate carcinoma: A structured review of the literature.
Cancer 2005;104:467–478.

21. Pickles T, Ruether JD, Weir L, Carlson L, Jakulj F. Psycho-
social barriers to active surveillance for the management of
early prostate cancer and a strategy for increased accep-
tance. BJU Int 2007;100:544–551.

22. Latini DM, Hart SL, Knight SJ, et al. The relationship
between anxiety and time to treatment for patients with
prostate cancer on surveillance. J Urol 2007;178(3 Pt 1):826–
831; discussion 831–832.

23. Burnet KL, Parker C, Dearnaley D, Brewin CR, Watson M.
Does active surveillance for men with localized prostate
cancer carry psychological morbidity? BJU Int 2007;100:540–
543.

24. Klotz L. Active surveillance with selective delayed inter-
vention for favorable risk prostate cancer. Urol Oncol
2006;24:46–50.

25. Black P. There is no role for focal therapy in prostate cancer.
Can Urol Assoc J 2009;3:331–332.

26. Johansson JE, Andren O, Andersson SO, et al. Natural his-
tory of early, localized prostate cancer. JAMA 2004;291:
2713–2719.

27. Hegarty NJ, Kaouk JH. Radical prostatectomy: A compari-
son of open, laparoscopic and robot-assisted laparoscopic
techniques. Can J Urol 2006;13 Suppl 1:56–61.

28. Khoo VS. Radiotherapeutic techniques for prostate cancer,
dose escalation and brachytherapy. Clin Oncol (R Coll
Radiol) 2005;17:560–571.

29. Mouraviev V, Mayes JM, Madden JF, Sun L, Polascik TJ.
Analysis of laterality and percentage of tumor involvement
in 1386 prostatectomized specimens for selection of unilat-
eral focal cryotherapy. Technol Cancer Res Treat 2007;6:
91–95.

30. Polascik TJ, Mouraviev V. Focal therapy for prostate cancer
is a reasonable treatment option in properly selected pa-
tients. Urology 2009;74:726–730.

816 LECORNET ET AL.



31. Mouraviev V, Mayes JM, Polascik TJ. Pathological back-
ground and its clinical implications for focal therapy of early
detected prostate cancer. Nat Clin Pract Urol (In press).

32. Tsivian M, Kimura M, Sun L, Mouraviev V, Mayes JM, Po-
lascik TJ. Predicting unilateral prostate cancer on routine
diagnostic biopsy: Sextant vs extended. BJU Int 2009.

33. Jayram G, Eggener SE. Patient selection for focal therapy of
localized prostate cancer. Curr Opin Urol 2009;19:268–273.

34. Mouraviev V, Mayes JM, Sun L, Madden JF, Moul JW, Po-
lascik TJ. Prostate cancer laterality as a rationale of focal
ablative therapy for the treatment of clinically localized
prostate cancer. Cancer 2007;110:906–910.

35. Tareen B, Sankin A, Godoy G, Temkin S, Lepor H, Taneja SS.
Appropriate candidates for hemiablative focal therapy are
infrequently encountered among men selected for radical
prostatectomy in contemporary cohort. Urology 2009;73:
351–354; discussion 354–355.

36. De Laet K, de la Taille A, Ploussard G, et al. Predicting
tumour location in radical prostatectomy specimens: Same-
patient comparisons of 21-sample versus sextant biopsy. BJU
Int 2009;104:616–620.

37. Ahmed HU. The index lesion and the origin of prostate
cancer. N Engl J Med 2009;361:1704–1706.

38. Villers A, Lemaitre L, Haffner J, Puech P. Current status of
MRI for the diagnosis, staging and prognosis of prostate
cancer: Implications for focal therapy and active surveil-
lance. Curr Opin Urol 2009;19:274–282.

39. Nelson BA, Shappell SB, Chang SS, et al. Tumour volume is
an independent predictor of prostate-specific antigen recur-
rence in patients undergoing radical prostatectomy for
clinically localized prostate cancer. BJU Int 2006;97:1169–
1172.

40. Villers A, McNeal JE, Freiha FS, Stamey TA. Multiple cancers
in the prostate. Morphologic features of clinically recognized
versus incidental tumors. Cancer 1992;70:2313–2318.

41. Onik G. Rationale for a ‘‘male lumpectomy,’’ a prostate
cancer targeted approach using cryoablation: Results in 21
patients with at least 2 years of follow-up. Cardiovasc In-
tervent Radiol 2008;31:98–106.

42. Ellis DS, Manny TB Jr., Rewcastle JC. Focal cryosurgery
followed by penile rehabilitation as primary treatment for
localized prostate cancer: Initial results. Urology 2007;70(6
Suppl):9–15.

43. Lindner U, Weersink RA, Haider MA, et al. Image guided
photothermal focal therapy for localized prostate cancer:
Phase I trial. J Urol 2009;182:1371–1377.

44. de Senneville BD, Mougenot C, Moonen CT. Real-time
adaptive methods for treatment of mobile organs by MRI-
controlled high-intensity focused ultrasound. Magn Reson
Med 2007;57:319–330.

45. de Senneville BD, Mougenot C, Quesson B, Dragonu I,
Grenier N, Moonen CT. MR thermometry for monitoring
tumor ablation. Eur Radiol 2007;17:2401–2410.

46. McNichols RJ, Gowda A, Kangasniemi M, Bankson JA, Price
RE, Hazle JD. MR thermometry-based feedback control of
laser interstitial thermal therapy at 980 nm. Lasers Surg Med
2004;34:48–55.

47. Mougenot C, Quesson B, de Senneville BD, et al. Three-
dimensional spatial and temporal temperature control
with MR thermometry-guided focused ultrasound
(MRgHIFU). Magn Reson Med 2009;61:603–614.

48. Iczkowski KA, Hossain D, Torkko KC, et al. Preoperative
prediction of unifocal, unilateral, margin-negative, and small
volume prostate cancer. Urology 2008;71:1166–1171.

49. Noguchi M, Stamey TA, McNeal JE, Nolley R. Prognostic
factors for multifocal prostate cancer in radical prostatec-
tomy specimens: Lack of significance of secondary cancers.
J Urol 2003;170(2 Pt 1):459–463.

50. Harnden P, Naylor B, Shelley MD, Clements H, Coles B,
Mason MD. The clinical management of patients with a
small volume of prostatic cancer on biopsy: What are the
risks of progression? A systematic review and meta-analysis.
Cancer 2008;112:971–981.

51. Bostwick DG, Waters DJ, Farley ER, et al. Group consensus
reports from the Consensus Conference on Focal Treatment
of Prostatic Carcinoma, Celebration, Florida, February 24,
2006. Urology 2007;70(6 Suppl):42–44.

52. Eggener SE, Scardino PT, Carroll PR, et al. Focal therapy for
localized prostate cancer: A critical appraisal of rationale
and modalities. J Urol 2007;178:2260–2267.

53. Turkbey B, Pinto PA, Choyke PL. Imaging techniques for
prostate cancer: Implications for focal therapy. Nat Rev Urol
2009;6:191–203.

54. Yang JC, Tang J, Li J, Luo Y, Li Y, Shi H. Contrast-enhanced
gray-scale transrectal ultrasound-guided prostate biopsy in
men with elevated serum prostate-specific antigen levels.
Acad Radiol 2008;15:1291–1297.

55. Tang J, Yang JC, Li Y, Li J, Shi H. Peripheral zone hypoechoic
lesions of the prostate: Evaluation with contrast-enhanced
gray scale transrectal ultrasonography. J Ultrasound Med
2007;26:1671–1679.

56. Halpern EJ, Ramey JR, Strup SE, Frauscher F, McCue P,
Gomella LG. Detection of prostate carcinoma with contrast-
enhanced sonography using intermittent harmonic imaging.
Cancer 2005;104:2373–2383.

57. Turkbey B, Albert PS, Kurdziel K, Choyke PL. Imaging
localized prostate cancer: Current approaches and new de-
velopments. AJR Am J Roentgenol 2009;192:1471–1480.

58. Atri M, Gertner MR, Haider MA, Weersink RA, Trachten-
berg J. Contrast-enhanced ultrasonography for real-time
monitoring of interstitial laser thermal therapy in the focal
treatment of prostate cancer. Can Urol Assoc J 2009;3:
125–130.

59. Braeckman J, Autier P, Soviany C, et al. The accuracy of
transrectal ultrasonography supplemented with computer-
aided ultrasonography for detecting small prostate cancers.
BJU Int 2008;102:1560–1565.

60. Salomon G, Kollerman J, Thederan I, et al. Evaluation of
prostate cancer detection with ultrasound real-time elasto-
graphy: A comparison with step section pathological anal-
ysis after radical prostatectomy. Eur Urol 2008;54:1354–1362.

61. Turpen R, Rosser CJ. Focal therapy for prostate cancer: Re-
volution or evolution? BMC Urol 2009;9:2.

62. Ravizzini G, Turkbey B, Kurdziel K, Choyke PL. New
horizons in prostate cancer imaging. Eur J Radiol 2009;70:
212–226.

63. Futterer JJ, Heijmink SW, Scheenen TW, et al. Prostate cancer
localization with dynamic contrast-enhanced MR imaging
and proton MR spectroscopic imaging. Radiology 2006;241:
449–458.

64. Jackson AS, Reinsberg SA, Sohaib SA, et al. Dynamic con-
trast-enhanced MRI for prostate cancer localization. Br
J Radiol 2009;82:148–156.

65. Villers A, Puech P, Mouton D, Leroy X, Ballereau C, Le-
maitre L. Dynamic contrast enhanced, pelvic phased array
magnetic resonance imaging of localized prostate cancer for
predicting tumor volume: Correlation with radical prosta-
tectomy findings. J Urol 2006;176(6 Pt 1):2432–2437.

FOCAL THERAPY IN PROSTATE CANCER 817



66. Girouin N, Mege-Lechevallier F, Tonina Senes A, et al. Prostate
dynamic contrast-enhanced MRI with simple visual diagnostic
criteria: Is it reasonable? Eur Radiol 2007;17:1498–1509.

67. Yoshizako T, Wada A, Hayashi T, et al. Usefulness of dif-
fusion-weighted imaging and dynamic contrast-enhanced
magnetic resonance imaging in the diagnosis of prostate
transition-zone cancer. Acta Radiol 2008;49:1207–1213.

68. Kelloff GJ, Choyke P, Coffey DS. Challenges in clinical pro-
state cancer: Role of imaging. AJR Am J Roentgenol 2009;
192:1455–1470.

69. Kozlowski P, Chang SD, Jones EC, Berean KW, Chen H,
Goldenberg SL. Combined diffusion-weighted and dynamic
contrast-enhanced MRI for prostate cancer diagnosis—
correlation with biopsy and histopathology. J Magn Reson
Imaging 2006;24:108–113.

70. Shimofusa R, Fujimoto H, Akamata H, et al. Diffusion-
weighted imaging of prostate cancer. J Comput Assist To-
mogr 2005;29:149–153.

71. Tanimoto A, Nakashima J, Kohno H, Shinmoto H, Kur-
ibayashi S. Prostate cancer screening: The clinical value of
diffusion-weighted imaging and dynamic MR imaging in
combination with T2-weighted imaging. J Magn Reson
Imaging 2007;25:146–152.

72. Weinreb JC, Blume JD, Coakley FV, et al. Prostate cancer:
Sextant localization at MR imaging and MR spectroscopic
imaging before prostatectomy—results of ACRIN prospec-
tive multi-institutional clinicopathologic study. Radiology
2009;251:122–133.

73. Ahmed HU, Kirkham A, Arya M, et al. Is it time to consider
a role for MRI before prostate biopsy? Nat Rev Clin Oncol
2009;6:197–206.

74. Krieger A, Susil RC, Menard C, et al. Design of a novel MRI
compatible manipulator for image guided prostate inter-
ventions. IEEE Trans Biomed Eng 2005;52:306–313.

75. Onik G, Barzell W. Transperineal 3D mapping biopsy of the
prostate: An essential tool in selecting patients for focal
prostate cancer therapy. Urol Oncol 2008;26:506–510.

76. Tareen B, Godoy G, Sankin A, Temkin S, Lepor H, Taneja SS.
Can contemporary transrectal prostate biopsy accurately
select candidates for hemi-ablative focal therapy of prostate
cancer? BJU Int 2009;104:195–199.

77. Bolenz C, Gierth M, Grobholz R, et al. Clinical staging error
in prostate cancer: Localization and relevance of undetected
tumour areas. BJU Int 2009;103:1184–1189.

78. Crawford ED, Wilson SS, Torkko KC, et al. Clinical staging
of prostate cancer: A computer-simulated study of trans-
perineal prostate biopsy. BJU Int 2005;96:999–1004.

79. Lambert EH, Bolte K, Masson P, Katz AE. Focal cryosurgery:
Encouraging health outcomes for unifocal prostate cancer.
Urology 2007;69:1117–1120.

80. Bahn DK, Silverman P, Lee F, Sr., Badalament R, Bahn ED,
Rewcastle JC. Focal prostate cryoablation: Initial results
show cancer control and potency preservation. J Endourol
2006;20:688–692.

81. 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;26:500–505.

82. Ritch CR, Katz AE. Prostate cryotherapy: Current status.
Curr Opin Urol 2009;19:177–181.

83. Ahmed HU, Moore C, Emberton M. Minimally-invasive
technologies in uro-oncology: The role of cryotherapy, HIFU
and photodynamic therapy in whole gland and focal the-
rapy of localised prostate cancer. Surg Oncol 2009;18:219–
232.

84. Ritch CR, Katz AE. Update on cryotherapy for localized
prostate cancer. Curr Urol Rep 2009;10:206–211.

85. Ahmed HU, Zacharakis E, Dudderidge T, et al. High-inten-
sity-focused ultrasound in the treatment of primary prostate
cancer: The first UK series. Br J Cancer 2009;101:19–26.

86. 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;
38:192–199.

87. Emberton M. VTP for men with prostate cancer—early re-
sults. J Endourol 2008;22:3.

88. Marberger M, Carroll PR, Zelefsky MJ, et al. New treat-
ments for localized prostate cancer. Urology 2008;72(6
Suppl):S36–S43.

89. Polascik TJ, Mayes JM, Mouraviev V. Nerve-sparing focal
cryoablation of prostate cancer. Curr Opin Urol 2009;19:182–
187.

Address correspondence to:
Emilie Lecornet, M.D.

Division of Surgery and Interventional Sciences
University College of London

67 Riding House St.
London W1P, 7PN

United Kingdom

E-mail: emilielecornet@hotmail.com

Abbreviations Used

AS¼ active surveillance
ASTRO¼American Society for Therapeutic

Radiation Oncology
CE¼ contrast-enhanced

COLD¼Cryo On-Line Data
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DW-MRI¼diffusion-weighted MRI

HIFU¼high-intensity focused ultrasound
MRSI¼MR spectroscopic imaging
PDT¼photodynamic therapy
PSA¼prostate-specific antigen
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