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Introduction

Prostate cancer is the second leading cause of
cancer death in men in the United States. Since
the introduction of PSA, there has been a pro-
gressive downward stage migration, with more
new cases presenting as clinically localized, low
volume, low grade disease. Ninety percent of all
prostate cancers are found when the disease is
confined to the prostate [1, 2].

Radical prostatectomy (RP) and radiation
therapy (RT) aim to treat the whole prostate and
seminal vesicles. Major side effects include uri-
nary incontinence and erectile dysfunction in
5-20 % and 30-70 %, respectively [3]. While
these sequelae have decreased with improve-
ments in technique and technology, these mor-
bidities have a significant impact on quality of
life. PSA has contributed to the reduced prostate
cancer mortality observed in the past decade, but
at the same time increased the detection of poten-
tially clinical insignificant cancers leading to
overdiagnosis and overtreatment of some men [4].
The estimated overtreatment rate for prostate
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cancer is at least 30 % [5]. Men, who may have
been overtreated for their early, potentially clini-
cal insignificant disease, are at risk of lifelong
morbidities derived from treatment.

In recent years focal therapy (FT) has emerged
as a new alternative treatment for early prostate
cancer. FT consists of completely ablating clini-
cally significant cancer foci within the prostate
while preserving normal tissue, the urinary
sphincter, and the neurovascular bundles with the
goal of minimizing side effects [4].

The selection of appropriate candidates for FT
presents a challenge for the clinician. Prostate
mapping biopsies and newer imaging technolo-
gies have been utilized to help select individuals
with localized disease who may benefit from
focal treatment.

Cryotherapy, high-intensity focus ultrasound
(HIFU), Laser ablation, and photodynamic ther-
apy (PDT) are current ablative modalities under
investigation.

Diagnosis and Patient Selection
for Focal Therapy

While the concept of focal therapy is simple, its
application poses several challenges including
optimal patient selection; localization, visualiza-
tion, and characterization of significant cancer
foci; accurate guidance of ablative energy in the
area to be treated; follow-up and surveillance
of untreated areas. A concern with FT is the
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multi-focality of prostate cancer as two thirds of
patients with newly diagnosed prostate cancer
present with more than one focus of cancer within
the prostate. However, approximately 33 % will
have unifocal tumor [6]. Additionally, approxi-
mately 40-80 % of multifocal tumors measure
less than 0.5 mL in volume, which some investi-
gators consider as clinically insignificant cancers
[7-9]. This led to the concept of only treating the
significant cancer foci (index lesion). Some
reports conclude that the index lesion represents
the main tumor volume, the highest Gleason
score, and the potential site of extracapsular
disease [2, 9].

At present, there is no agreement on which cri-
teria should be applied for selecting optimal can-
didates for FT. Two multidisciplinary expert
panels have reported on their selection criteria.
Eggener et al. published the consensus of the
International Task Force on Prostate Cancer and
the Focal Lesion Paradigm (ITF-FLP) in 2007.
They used clinical findings, biopsy, and imaging
studies to define the criteria for patient selection.
Clinical criteria included stage T1 or T2a, PSA
less than 10 ng/mL, PSA density less than
0.15 ng/mL/cm?, and PSA velocity less than 2 ng/
mL yearly in the years prior to diagnosis. Biopsy
criteria required obtaining a minimum of 12 cores
and findings of a Gleason score 3+3 or less, less
than 20 % of cancer in each core, and less than
33 % of total cores with cancer. Imaging criteria
included single lesion with a maximum of 12 mm
size, <10 mm of capsular contact, and no evi-
dence of extraprostatic extension or seminal ves-
icle invasion [10]. In 2010, de la Rosette et al.
published the consensus from an international
expert meeting, the 2nd International Workshop
on Focal Therapy, and Imaging in Prostate and
Kidney Cancer (IWFTI). They concluded that
patients appropriate for FT should have unilateral
low to intermediate risk disease, clinical stage
T2a or less, PSA <20 ng/mL, Gleason score 4+3
or less, and life expectancy of ten or more years.
They recommended evaluation with transperineal
mapping biopsies and excluded patients with
anterior or apical tumors [11]. Other authors
have reported that FT is suitable only for patients
with low-risk disease (clinical stage T1c-T2a,
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Gleason grade 3+3, and PSA<10 ng/mL).
Lindner et al. estimated that 45-85 % of patients
fall into this category [12].

MRI technology is emerging as the most
important imaging tool for identifying low-
volume prostate cancers, assisting in risk stratifi-
cation, and allowing for targeted biopsies [13, 14].
The sensitivity and specificity for identification of
a significant cancer focus (>0.5 cm?) was 86 %
and 94 %, respectively [15]. MRI imaging remains
the most important available imaging tool for
identifying early prostate cancers and enabling
focused use of energy ablative modalities.

Transperineal mapping biopsy (TPMB) has
been proposed as a more accurate way to deter-
mine tumor focality and is being advocated as the
preferred approach to select appropriate men for
FT. Onik et al. compared the traditional biopsy
technique to TPMB and found a large discrep-
ancy [6, 16]. Barqawi et al. prospectively studied
3D mapping biopsy. They reported that a signifi-
cant portion of men initially diagnosed with
apparently low-risk disease harbored clinically
significant cancer. These results demonstrate how
3D mapping biopsy may be applied to improve
patient selection for FT [17].

Follow-Up After FT

After FT, verification of complete ablation of
known cancer foci and detection of any de novo
cancer in the untreated prostate gland should be
assessed. Defining recurrence is another chal-
lenge evaluating the efficacy of focal therapy. As
FT preserves prostatic tissue, PSA is not expected
to become undetectable. Accepted criteria for
biochemical recurrence after radiation therapy
such as the ASTRO (three consecutive PSA rises
after a nadir PSA) and Phoenix (nadir PSA +2)
criteria are not applicable to FT since they were
not designed for use in this setting [5]. Despite no
defined PSA cut point to evaluate treatment suc-
cess, it is recommended that PSA should be con-
tinuously monitored during follow-up and rising
PSA should be further investigated. Some inves-
tigators suggest defining biochemical failure as a
PSA nadir+50 % rise on follow-up [18].
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Most investigators include post-treatment
biopsy and imaging studies as part of their
follow-up of patients treated with FT.

Focal Cryotherapy
Overview

Cryotherapy was initially reported in the 1960s
by Cooper and Lee. They developed the first
cryotherapy probe system using liquid nitrogen.
The inclusion of urethral warmers, use of tran-
srectal ultrasound (TRUS) for real time visualiza-
tion of the ice ball, replacement of liquid nitrogen
by argon gas for cooling and helium for warming,
as well as thinner cryoneedles, allow surgeons for
more accurate targeting enhancing its effective-
ness while reducing potential side effects.

Initially cryotherapy was used to destroy the
whole gland. More recently it has been investi-
gated as a tool for FT. Focal cryotherapy is a
modification of the standard technique, aiming to
only treat the portion of the gland which has the
clinically significant disease.

Mechanism of Action

The use of freezing temperatures and thawing
cycles results in cell destruction by direct injury
to the cells as well as secondary injury from the
inflammatory response. The current technology
uses argon gas flowing through hollow needles to
freeze the prostate and helium gas to actively
warm after freezing via the Joule-Thompson
effect. There are three treatment parameters that
correlate with cancer cell destruction: cooling
rate, low temperature achieved, and duration of
the freeze cycle.

After reaching a tissue temperature of less
than O °C, the extracellular fluid starts to crystal-
lize. Formation of crystals causes hyperosmotic
pressure of the unfrozen portion of the extracel-
lular fluid compartment leading to water shifting
from the intracellular space to the extracellular
space. The water loss induces intracellular dehy-
dration and pH change; this is followed by cell
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shrinkage and denaturing of cellular proteins.
With further drops in temperature, beyond
—15 °C, intracellular crystallization takes place
and cell metabolism begins to fail. This leads to
mechanical breaks of the cellular membrane and
cell apoptosis is induced after the thermal injury.
Complete cell death is likely to occur at tempera-
tures lower than —40 °C after two cycles.
Vasodilatation around the targeted tissue occurs
after thawing causing hyperpermeability of vessel
walls. This leads to endothelial damage and micro-
thrombi formation resulting in regional tissue
hypoxia and secondary necrosis of the tissue [19].

Procedure

After induction of adequate general anesthesia,
the patient is placed in the lithotomy position.
A TRUS probe is inserted per rectum and affixed
to a fixation device. A template grid is placed in
front of the perineum secured to the fixation
device. Two to four cryoprobes are introduced
through the perineum under imaging guidance.
Catheter warmer is placed per urethra and placed
on continuous warmer irrigation. Double freeze-
thaw cycles are delivered with the goal of bring-
ing the temperature below —40 °C. Argon and
helium gases are used for freezing and thawing,
respectively. After the two cycles are completed,
the needles are removed and the urethral warmer
keep running for 20 additional minutes. The ure-
thra warmer is then removed and a Foley catheter
inserts and left indwelling for 5-7 days.
Visualization of the ice ball in real time using
ultrasonography allows treating the focal cancer
zone, minimizing injury to adjacent structures
(Figs. 10.1, 10.2, 10.3, and 10.4).

Current Studies: Oncologic
and Functional Outcomes

Cryotherapy is the most studied ablative therapy.
Onik et al. were first to report outcomes of FT in
2002 followed by an update of their experience in
2008. They reported on 48 patients with a mean
follow-up of 54 months (range 2-10 years).
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Fig.10.1 Perineal
template with inserted
cryoprobes to treat right
side distal lesion
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Fig.10.2 Inserted cryoprobe needles as seen on ultrasound
image

Fig.10.3 Iceball—transverse view

Fig.10.4 Iceball—sagittal view. Notice sparing of proxi-
mal prostate

Ninety-four percent had no evidence of cancer
according to ASTRO (American Society of
Therapeutic Radiology and Oncology) criteria.
Potency was maintained in 36 of 40 patients
(90 %) and all were continent after treatment [20].

Ellis et al. reported on 60 patients treated with
focal cryotherapy. The mean follow-up was 15
months. 84 % of the patients were biochemically
disease-free (ASTRO criteria) and 3.6 % reported
urinary incontinence [21].

In 2007, Lambert et al. reported on 25 men
treated with hemiablation of the gland. Mean fol-
low-up was 28 months. Eighty-four percent had
experienced no biochemical failure, defined as
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50 % PSA increase over nadir level. Seven patients
underwent a repeat biopsy. One patient had pros-
tate cancer in the area of previous cryoablation
and 2 patients in the contralateral gland [18].

Bahn et al. reported on 31 patients.
Biochemical disease-free rate by ASTRO criteria
was 92.8 %. Biopsy in one patient with biochem-
ical recurrence demonstrated cancer at the apex
of the untreated side. Potency preservation rate
was 88.9 % (40.7 % with PDE-5 inhibitors) [22].

More recently Ward et al. published an update
from the Cryo On Line Database (COLD) regis-
try; biochemical disease-free rate was 75.7 %
(ASTRO criteria) at 36 months, urinary conti-
nence was 98.4 %, and preservation of spontane-
ous erections 58.1 % [23].

Overall, biochemical disease-free rate is
75-94 % [18, 20-23]. Nevertheless definitions of
biochemical recurrence and patient’s selection
criteria were variable between studies. These
studies are limited due to small number of patients
and short follow up. The reported functional out-
comes are encouraging, with a good potency and
urinary continence rates. No other significant
morbidities were reported (Table 10.1).

Future Direction

Focal Cryotherapy is a promising treatment
option for selected patients with early prostate
cancer. Future research should be directed
towards establishing better means of characteriz-
ing clinically significant disease and developing
improved image technologies to target treatment.
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High-Intensity Focused Ultrasound
Overview

HIFU was first described in 1995 as a technique
to treat localized prostate cancer. Most of the cur-
rent reports describe whole prostate gland treat-
ments. HIFU can also be used for focal tumor
ablation with the goal of sparing normal gland
and minimizing the adverse effects of whole
gland treatment. There are currently two devices
available for treatment: The Ablatherm HIFU
device (EDAP S.A., Lyon, France) and The
Sonable 500 (Focus surgery, IN, USA). Both
devices are widely used in Europe, Canada, and
Japan. HIFU is still considered investigational in
the United States and is not currently approved
by the Federal Drugs Administration (FDA).
Several trials are currently in progress to estab-
lish the efficacy and safety of HIFU.

Mechanism of Action

During HIFU ultrasound waves are emitted from
a transducer and absorbed in the target area induc-
ing necrosis. Two main mechanisms are involved
in the HIFU ablation effect: A thermal effect is
heat generation due to absorption of the acoustic
energy with a rapid elevation of temperature in
the targeted tissues, which denatures proteins,
destroys lipid-based membranes, and finally
results in instantaneous and irreversible coagula-
tive necrosis. This is the primary mechanism for

Table 10.1 Summarizes oncologic and functional outcomes of focal cryotherapy

Mean
follow-up
Name N (months) BR criteria BDF (%) Potency (%) Continence (%)
Onik [20] 48 54 ASTRO 94 90 100
Ellis [21] 60 15 ASTRO 80.4 - 96.4
Lambert [18] 25 28 PSA nadir+50 % 84 71 -
Bahn [22] 31 70 ASTRO 92.8 89 -
Ward [23] 1,160 36 ASTRO 75.7 58.1 98.4

American society for therapeutic radiology and oncology consensus panel. Int J Radiat Oncol Biol Phys.

1997;37:1035-41.

ASTRO American Society for Therapeutic Radiology and Oncology, BR biochemical recurrence, BDF biochemical

disease-free
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tumor cell destruction. The mechanical effect
leads to cavitation causing additional damage to
the prostate and periprostatic tissue. The treat-
ment area is heated for 3 s and cooled for 6 s
using real-time images. Surrounding tissue is
minimally affected as the energy decreases
sharply outside the target zone [24-26].

Procedure

Ablatherm® after induction of general anesthe-
sia, the patient lies on his left side, thighs, and legs
flexed 90° on the trunk. A transrectal HIFU probe
is inserted per rectum. The probe delivers a beam
of high-focused convergent ultrasounds, causing
heat and tissue destruction. The ultrasound beam
absorption creates an immediate increase in tem-
perature (85—100 °C). The treatment is performed
using contiguous HIFU shots 1.8 mm apart with
4-s shot duration and a 12-s interval between
shots. At the end of the procedure an 18 F Foley
catheter is placed for 1-2 weeks.

Sonablate® 500 after induction of general
anesthesia, the patient is placed in the lithotomy
position and HIFU probe is introduced per rec-
tum. Treatment is monitored with real-time
TRUS. After the procedure, an 18 F Foley cathe-
ter is placed and left for 1-2 weeks.

Current Studies, Oncologic,
and Functional Outcomes

In 2008, Muto et al. reported on 29 patients who
underwent transrectal HIFU (Sonablate 500).
Two years biochemical disease-free rates by
ASTRO criteria in patients with low and interme-
diate risk prostate cancer were 83.3 % and 53.6 %
respectively [25].

Ahmed et al. reported a prospective study phase
I/IT trial in 20 men with prostate cancer who under-
went a transrectal hemiablation of the prostate
with the Sonablate 500 device. Patients were
divided into low (n=5) and intermediate risk
(n=15). Follow-up included MRI; TRUS-guided
biopsies and PSA measurement at 1 month after
the procedure and every 3 months thereafter. There
was no histological evidence of cancer in 89 % of
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treated lobe. A trifecta status (pad-free, leak-free
continence, erections sufficient for intercourse and
cancer control) was achieved in 89 % at 12 months
[26]. Ahmed et al. reported their results on 41 men
treated between 2007 and 2010; using the Sonable
500 device and who were diagnosed by a combi-
nation of multiparametric MRI and Transperineal
Template Mapping Biopsies (TTMP). Follow-up
was scheduled every 3 months after treatment.
Questioners were used to assess potency and
incontinence. Eighty-nine percent (31 of 35
patients) described erections sufficient for pene-
tration at 12 months. Fourteen required phospho-
diestrerase-5 inhibitors. Of 38 men with no urinary
leak at baseline 100 % were leak-free by 9 months.
Thirty-nine of 41 patients underwent postopera-
tive biopsy. Nine (23 %) had evidence of cancer.
MRI at 6 months showed residual cancer in the
treated areas in nine men; seven of whom had can-
cer confirmed on biopsy. Of those with positive
biopsies, four patients underwent retreatment and
none showed significant disease at 12 months on
MRI [27]. These studies demonstrate good mor-
bidity outcomes and promising cancer control
rates. Limitations to these studies included small
number of patients and short-term follow-up.
Some authors considered hemiablation as a focal
therapy with no consensus on definition regardless
of grade, volume, or location of the tumor.
Hemiablation may represent overtreatment since
low-volume and low-grade lesions may be treated
with more focused therapy.

Future Direction

Additional studies and more conclusive findings
are needed. Trials are currently ongoing
(NCT01194648, NCT00988130, NCT00987675)
to establish the safety and efficacy of HIFU.
Photodynamic Therapy

Overview

The first report describing PDT for prostate

cancer with light-sensitive agent using a trans-
urethral approach was published in 1990 [28].
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PDT is an experimental ablative technology
which employs photosensitizing properties selec-
tively taken up by prostate cancer cells and pro-
duces free oxygen radicals upon exposure to light
of a specific wavelength which results in the
destruction of the tissue.

As photosensitizers accumulate in some
organs including skin and eyes, patients require
light protection until the photosensitizer is no
longer present. PDT is theoretically more tissue-
specific and could preserve neurovascular bundle
better than other FT. Recent advances in PDT
have led to improvements of the synthesis of
new-generation photosensitizers with better sta-
bility, shorter half-lives, and faster metabolism.
The rapid clearance of these new agents from the
circulation could avoid prolonged photosensitiv-
ity. Vascular photodynamic therapy (VTP) uti-
lizes more recent photosensitizers derived from
chlorophyll, such as WSTO09 (Tookad), to induce
vascular damage leading to thrombosis and
necrosis of the target tissue [29, 30].

Mechanism of Action

A Photosensitizer is injected intravenously and is
distributed throughout the body; during treatment,
small energy-delivering probes are placed in the
prostate through optical fibers that deliver low
power laser light to activate the administered
drug. VTP usually uses WSTO9 that absorbs light
near to infrared wavelength with maximum light
energy absorption at 763 nm. This long light
absorption wavelength allows deeper light pene-
tration into tissues. The photosensitizer enhances
sensitivity of the tumor vasculature to light
energy. Damage to the vascular endothelium is
followed by platelet aggregation and vascular
coagulation around the tip of the fiber with subse-
quent localized tissue necrosis.

Procedure

The photosensitizer is given intravenously and
accumulates in prostate tissue. The drug is then
activated 2-5 days later by light of a specific
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wavelength from laser. Drug dose and light doses
are variable and most are still under investiga-
tion. Manipulation of drug and light can result in
varied volumes of ablation. A transperineal
approach, using a brachytherapy template, guides
insertion of optical fibers that deliver low power
laser light.

Currents Studies and Future Direction

Few studies have been published regarding
PDT. Trial NCT01310894 is currently under way
to evaluate this treatment modality. PDT research
focuses on determining the optimal type and dose
of photosensitizing agent as well as the optimal
light exposure time for treatment.

Focal Laser Ablation
Overview

A new source of energy that applied for FT is
Laser Ablation (FLA). Low-power laser delivers
luminous energy guided by real-time imaging;
FLA produces a coagulative necrosis zone within
a controlled area, reducing the risk of damaging
adjacent structures.

Mechanism of Action

FLA is based on a photothermal effect which
results from the absorption of radiant energy by
tissue-receptive chromophores, which induces
heat energy in a very short time. Increased tem-
perature may cause irreversible damages and tis-
sue destruction. The thermal effect depends on the
amount of heat energy delivered but also on the
depth of light distribution. For this reason, deep
tissue damage is dependent on the wavelength of
the laser used, usually a range between 590 and
1,064 nm. The extension of thermal tissue dam-
age depends on both temperature and duration.
Irreversible protein denaturation will occur
around 60 °C, while over 60 °C, coagulation
is quasi-instantaneous. Macroscopic appearance
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of coagulation areas of FLA corresponds to
well-demarcated foci of necrosis surrounded by a
small rim of hemorrhage with no viable glandular
tissue after vital staining, based on immunoreac-
tivity with cytokeratin [31, 32].

Procedure

The patient is placed under general anesthesia
and in dorsal lithotomy position. A 2-way ure-
thral catheter is inserted at the beginning of the
procedure. A modified brachytherapy template is
used for transperineal placement of the laser
fibers. Depending on the size of the planned
treatment volume, 1 or 2 fibers will be used.
Wavelengths in the range of 590-1,064 nm are
the most adequate to induce photothermal effect.
An optimal fiber location is monitored with real-
time ultrasound or other imaging modalities.

Currents Studies and Future Direction

There is currently very limited data available for
FLA. Lindner et al. reported a pilot study in 4
patients, addressing feasibility. They correlated
MRI findings with histopathology after radical
prostatectomy (RP). No viable cells were found
in treated regions and MRI findings correlated
well with pathology reports [33]. The same group
also reported their findings on image-guided
focal laser ablation in 12 patients. Six patients
(50 %) had negative biopsies 3—6 months follow-
ing treatment and 67 % were free of tumor in tar-
geted area. No relevant morbidities were reported
[34]. Larger trials are currently in progress
(NCTO00805883, NCT01377753) addressing fea-
sibility. Laser technology is improving and may
lead to better focal therapy.

Conclusion

Early detection of prostate cancer has led to over-
diagnosis of clinically insignificant tumors. We
currently lack reliable tools to select optimal can-
didates for definitive treatment. With improved
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diagnostic modalities and optimal focal therapies
the rate of complications may be markedly
diminished with excellent cancer control. Men
diagnosed with low-risk disease will continue to
seek treatment despite excellent outcomes with
active surveillance in appropriately selected
patients. Researchers continue to develop new
approaches to treat low-grade prostate cancer
while minimizing side effects. Focal Therapy is
emerging as a new treatment modality that could
provide a bridge between active surveillance and
more aggressive treatments for patients with low-
risk tumors, achieving cancer control while mini-
mizing morbidity. Several energy sources are
being tested for this indication. The available lit-
erature is limited regarding focal therapies. Most
evidence is derived from case series and small
phase I trials. Ablative modalities such as VTP
and FLA have only demonstrated technical feasi-
bility to date. To make this approach valid, fur-
ther research to establish patient selection criteria,
new and more accurate imaging parameters, and
regular follow-up protocols are needed. It is
expected that new energy source will be intro-
duced in the near future for focal therapy.
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