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The past decade has brought an improved ability to precisely target and deliver radiation as
well as other focal prostate-directed therapy. Stereotactic body radiotherapy (SBRT), proton
beam radiation, high-dose-rate (HDR) brachytherapy, as well as nonradiotherapy treatments
such as cryoablation and high-intensity focused ultrasound are several therapeutic modalities
that have been investigated for the treatment of prostate cancer in an attempt to reduce toxicity
while improving cancer control. However, high-risk prostate cancer requires a comprehensive
treatment of the prostate as well as areas at risk for cancer spread. Therefore, most new
radiation treatment (SBRT, HDR, and proton beam radiation) modalities have been largely
investigated in combination with regional radiation therapy. Though the evidence is evolving,
the use of SBRT, HDR, and proton beam radiation is promising. Nonradiation focal therapy has
been proposed mainly for partial gland treatment in men with low-risk disease, and its use in
high-risk prostate cancer patients remains experimental.
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Introduction

T

he past 10 years has brought an improved ability to
precisely target and deliver radiation and other nonsurgical treatment to the prostate. For prostate cancer that
has a high likelihood of being conﬁned to the prostate, more
precise radiotherapy techniques attempt to spare normal tissue
surrounding the prostate from excess radiotherapy treatment.
Stereotactic body radiotherapy (SBRT), proton beam radiation,
high-dose-rate (HDR) brachytherapy, as well as nonradiotherapy treatments such as cryoablation, high-intensity focused
ultrasound (HIFU), and radiofrequency ablation (RFA) are
therapeutic modalities that have been investigated for the
treatment of prostate cancer in an attempt to reduce toxicity
while improving cancer control.
However, for high-risk prostate cancer, in addition to
sparing normal tissue, there are additional clinical issues to
consider. High-risk prostate cancer may have a greater likelihood of local prostate recurrence after standard radiation
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treatment because of greater resistance to current doses of
fractionated radiation,1 and therefore may beneﬁt from emerging technologies that aim to escalate dose locally. Balancing this
need for local dose escalation is the greater likelihood of
extraprostatic and more distant disease with high-risk disease.
This greater likelihood of extraprostatic and disseminated
disease may limit the utility of extreme dose escalation and
locally targeted therapy. Furthermore, locally intensiﬁed therapy may increase the possibility of treatment-related toxicity.
Therefore, the risks and beneﬁts of any locally directed
treatment must be considered.
In light of the required balance between treatment intensiﬁcation and treatment-related toxicity, a review of new
radiation and nonradiation technologies for the treatment of
high-risk disease is needed.

Moderate Hypofractionation and
SBRT
Altered fractionation (generally, larger fractions per treatment)
has been hypothesized to deliver greater radiobiologic dose to
the prostate and prostate cancer.2 Generally, 2 methods of
external beam radiotherapy have been proposed—moderate
hypofractionation (delivering doses of radiotherapy between
2.2 and 4 Gy per fraction), and SBRT (generally delivering
doses 45 Gy per fraction).
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Though generally investigated for low- and intermediaterisk disease, an Italian study randomized 168 high-risk patients
to conventionally fractionated radiotherapy vs moderately
hypofractionated therapy (3.1 Gy per fraction  20 fractions).3
There was no statistically different difference between the
2 regimens in terms of cancer outcomes. A prior analysis of
toxicity in this trial indicated a trend toward greater grade 2 or
higher toxicity for hypofractionated radiotherapy though the
difference did not reach statistical signiﬁcance (P ¼ 0.07).4
Other studies have reported on quality of life and toxicity,
though we await cancer-related efﬁcacy results. The conventional or hypofractionated high–dose intensity-modulated
radiotherapy in prostate cancer (CHHiP) trial recently reported
on a cohort that included some high-risk patients (roughly
11%-13% of the cohort) and reported that toxicity seems
equivalent between moderate hypofractionation and conventional radiotherapy.5 In contrast, the Dutch HYPRO trial
recently reported that late toxicity results could not conﬁrm
noninferiority of hypofractionation to conventional radiotherapy—raising caution that moderate hypofractionation may be
more toxic.6 This study randomized intermediate-risk and
high-risk patients to conventional fractionation vs 3.4 Gy  19
fractions (delivering 3 fractions a week). We await the efﬁcacy
results of these large randomized trials before we can make
more deﬁnitive judgment regarding the role of moderate
hypofractionation for high-risk disease.
SBRT, also known as stereotactic ablative radiotherapy,
attempts to deliver greater doses per fraction to the prostate,
to take advantage of the potentially low alpha/beta of prostate
cancer7,8 (though the concept of a uniformly low alpha/beta of
prostate cancer is being revisited9,10). To safely deliver high
doses of radiation, SBRT uses more intensive prostate tracking
and patient immobilization than standard intensity-modulated
radiation therapy (IMRT). Treatment for low-risk prostate
cancer is promising, and the American Society of Radiation
Oncology notes that data support the use of SBRT as an
appropriate alternative treatment for “select patients with low- to
intermediate-risk disease.” The use of SBRT for high-risk
prostate cancer is more controversial. In this group of patients,
SBRT has been investigated both as primary treatment (monotherapy) and as boost therapy after whole pelvic radiation.

Monotherapy
Perhaps the largest experience investigating the use of SBRT for
prostate cancer was published in 2013 by King et al11 with data
encompassing 1100 patients with clinically localized prostate
cancer. This included 125 high-risk patients (here deﬁned as
prostate-speciﬁc antigen [PSA] 4 20, Gleason score of 8-10, or
clinical stage T2c-T3) who were treated using doses of 3540 Gy in 5 treatments of 7-8 Gy. The 5-year biochemical
recurrence-free survival of 81% compares well to historical
rates, and treatment was well tolerated. The authors noted that
the number of patients in the high-risk group with 5 year
follow-up was small, and so some caution should be taken
when interpreting these ﬁndings.
Kang et al reported on 29 high-risk patients (among 44
patients overall) who were treated with SBRT to a dose of
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32-36 Gy in 4 fractions12 with a 5 year biochemical failure-free
survival of 90.8%, though follow-up was short (median of 40
months) and details of androgen suppression are unknown.
Others have investigated the use of SBRT in cohorts that
included too few high-risk patients to draw ﬁrm conclusions
from.13,14
Notably, one analysis found a potential beneﬁt to higher
(37.5 Gy in 5 fractions) compared with lower (36.25-35 Gy in
5 fractions) doses in terms of biochemical disease-free
survival,15 though the difference in biochemical disease-free
survival was not conﬁrmed as prostate-speciﬁc failure (vs
distant). Therefore, the authors noted that conclusions regarding dose response are difﬁcult to draw.
Notably, investigation into even higher fractionation
schemes (albeit for low- and intermediate-risk patients) have
shown that doses above 47.5 Gy in 5 fractions leads to
unacceptable toxicity.16 Additionally, though Fuller et al17
has investigated 9.5 Gy  4 in a group of low and
intermediate-risk patients with good biochemical outcomes,
the overwhelming majority of patients undergoing SBRT
receive a dose of 35-36.25 Gy in 5 fractions.11
The HYPO-RT-PC trial, which completed accrual in 2015,
included intermediate-risk patients with the primary outcome
of freedom from PSA failure at 5 years posttreatment.18 It is
hoped that this study will shed further light on the relative risks
and beneﬁts of SBRT in higher-risk patients.

Whole-Gland Boost Therapy
The use of SBRT as a method of delivering a “boost” of
radiation to the prostate after more regional radiotherapy has
also been investigated in patients with intermediate- and highrisk disease. Investigators have used 2 fractions of 9.5-10.5 Gy
directed to the prostate after 45 Gy of pelvic radiation19 or
19.5-21 Gy in 3 fractions in prostate radiation after 45-50.4 Gy
delivered to the pelvis.20,21 Generally, these treatments have
been well tolerated with little to no reported acute Grade 3 or
higher toxicity. For example, a study from University of
California, San Francisco investigating 45 patients (44% of
whom had Gleason 8-10 disease) reported an estimated 5 year
recurrence-free survival of 83% (95% CI: 62%-93%). Notably,
one patient experienced a late grade 3 urinary tract obstruction
according to CTCAE v4 criteria. Patient reported outcomes
have been favorable, with expanded prostate cancer index
composite scores returning to baseline by 6 months
posttreatment.21

Focal Boost of Dominant Intraprostatic Lesion
SBRT has been investigated as a method of delivering a focally
escalated dose to the dominant intraprostatic lesion. In lowand intermediate-risk prostate cancers, it was shown feasible to
deliver a whole-gland treatment of 9.5 Gy  4 fractions with a
simultaneous dominant lesion boost of an additional 1.5 Gy
per treatment (for a total of 11 Gy  4 fractions), though the
median follow-up of patients in this study was only 23 months,
limiting long term conclusions regarding toxicity.22 Another
study by Kotecha et al23 recently investigated 24 patients with
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intermediate- and high-risk prostate cancer who were treated
with SBRT to a dose of 7.25 Gy for 5 fractions with a
simultaneous integrated boost of the dominant intraprostatic
lesion with 10 Gy for 5 fractions (an additional dose of 2.75 Gy
per fraction). Overall, 9 (38%) experienced acute grade 2
genitourinary (GU) toxicity, and there were no cases of acute
gastrointestinal (GI) toxicity. Overall, 2 (8%) patients experienced late grade 2 GU toxicity and 2 patients experienced late
grade 2 GI toxicity with 25 months of median follow-up. Twoyear PSA relapse-free survival was 95.8%. As with the prior
study, further follow-up is needed before conclusions can
be made.

Technique
Radiotherapy technique for delivering a prostate SBRT should
ideally use prostate localization via continuous (radiofrequency
tracking of implanted markers) or near-continuous tracking
(orthogonal x-rays every 30 seconds) with implanted ﬁducial
markers. If tracking is unavailable, care should be taken to
ensure that the periodic monitoring of the patient's position be
performed at least every 5-7 minutes. Should tracking not be
used, repeat localization images after the end of each treatment
should be obtained. If a signiﬁcant prostate or patient shift be
detected, more frequent correction and localization of the
patient and prostate is recommended. Though allowed for
some multi-institution protocols such as RTOG 0938,24 and
prostate movement can be minimized with rigorous immobilization along with careful bladder and bowel preparation,
sudden movement cannot be detected without continuous
tracking of the prostate.25 Therefore, though possible to
perform prostate SBRT with standard cone beam computed
tomography (CT) before and after treatment (with ﬁducial
marker, as soft tissue based target alignment without ﬁducial
marker is too imprecise for SBRT), caution and care is required
to educate, immobilize, and treat the patient appropriately.
Care should be taken to ensure the rectum receives less than
the prescribed radiation dose. Two methods of rectal protection have been investigated: the use of an inﬂatable endorectal
rectal balloon to immobilize and distend the rectum, and an
injectable hydrogel spacer that is implanted into the rectoprostatic space. The endorectal balloon has been criticized for
distending the rectum and exerting an anterior-driving force
on the prostate, potentially deforming the prostate as well as
pushing the rectal wall anteriorly toward the prostate.26
Dosimetrically, the endorectal balloon has been theorized to
actually increase the absolute volume of rectum receiving highdose therapy.27 Clinicians wishing to involve an endorectal
balloon in prostate SBRT should proceed with caution.
The implanted hydrogel spacer on the other hand holds
promise in terms of reducing the dose of radiotherapy
delivered to the rectum. In studies using conventional fractionation, a hydrogel spacer has been shown to result in a
signiﬁcant decrease in rectal dose28-33 with encouraging acute
and late toxicity proﬁles.34,35 The ﬁrst multi-institutional
randomized trial assessing the safety and efﬁcacy of this
hydrogel was recently published, demonstrating a 99% placement success rate, signiﬁcant reduction in mean rectal V70

(12.4%-3.3%), and a signiﬁcant reduction in late rectal toxicity
severity, with no GI toxicity greater than Grade 1 in the spacer
group.36 Insertion of a perirectal spacer has also been shown to
signiﬁcantly decrease rectal dose in prostate SBRT plans.37
Finally, care should be taken to ensure the dose through the
prostate is as homogeneous (ideally with maximal dose
inhomogeneity of less than 107% of the prescription dose
within the prostate) as possible given difﬁculty localizing and
visualizing the prostatic urethra. If the dose within the prostate
exceeds 107%, visualization of the prostate should be
performed via urethrogram, foley catheter, or magnetic resonance imaging (MRI). MRI imaging may also be beneﬁcial to
help deﬁne the prostate and surrounding tissue,38 in combination with the planning computed tomography simulation.

Proton Beam
Proton beam radiation therapy (PRT) aims to deliver radiotherapy to the prostate whereas taking advantage of the
physical property of protons to minimize dose to surrounding
tissue and organs at risk such as the rectum, bladder, small
bowel, and femoral heads.39-41 Early research has focused
mainly on early (low risk) prostate cancer.41,42 Few studies
have assessed the use of PRT alone in high-risk prostate cancer,
as most studies use PRT in combination with other treatment
modalities.43,44 Moreover, the dose distribution of PRT in
high-risk prostate cancer has been investigated in silico
through dosimetric studies45-47 generally showing a reduction
in low- and medium-range radiation dose to organs at risk.
A 2013 prospective study by Mendenhall et al40 may
provide the best available data for clinically localized highrisk prostate cancer treated with image-guided proton therapy.
Investigators identiﬁed 40 high-risk prostate cancer patients
(here deﬁned as Gleason score Z 8, PSA Z 20, or Clinical
Stage Z T3) who were treated using doses of 78 CGE in daily
doses of 2 CGE. All patients were also given weekly concomitant docetaxel therapy followed by androgen deprivation
therapy (ADT) for 6 months. Two patients refused ADT.
Investigators reported excellent outcomes and minimal toxicity. The 5-year biochemical recurrence-free survival was 76%
and the overall 5-year survival was 86%. GI and urologic grade
3 toxicities were 0.5% and 1.0%, respectively. Patient reported
outcomes as measured by the expanded prostate cancer index
composite survey (EPIC) showed stable bowel, urinary irritative or obstructive, and urinary incontinence domains, as well
as nonsigniﬁcant changes in sexual function. These outcomes
were validated via a retrospective analysis from the same
institution that included 229 high-risk patients and reported
76% 5-year freedom from biochemical progression, and grade
3 or higher GI and GU toxicity of 0.6% and 2.9%,respectively,
roughly equivalent to existing photon based literature.48
On the contrary, Slater et al41 identiﬁed 133 patients with a
PSA Z 20 and 86 patients with a Gleason score Z 8. Patients
were treated using doses of 74 CGE to the isocenter by
opposed lateral means in daily doses of 2 CGE and found a
relatively poor 5-year biochemical recurrence-free survival of
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48% and 50%, respectively. In multivariate analysis, PSA and
Gleason score were independent factors of treatment outcome.

In silico Dosimetric Studies
Proton radiotherapy, in addition to potentially escalating dose
to the prostate with fewer side effects, also has been proposed
to treat pelvic lymph nodes while minimizing dose to organs at
risk such as the bladder, rectum, and small bowel. Overall
ﬁndings suggest that PRT has optimal clinical target volume
coverage and reduced irradiation to organs at risk when
treating the prostate and pelvic lymph nodes for high-risk
prostate cancer.45-47 Chera et al45 stated that 3D-PRT may
“improve the therapeutic ratio beyond what is possible with
IMRT” because of the potential for dose escalation to pelvic
lymph nodes with protons. Furthermore, normal tissue
complication probability models indicate that intensitymodulated proton therapy using pencil beam scanning will
signiﬁcantly reduce irradiation to surrounding tissue compared with intensity-modulated x-ray beams, volumetricmodulated arc therapy, and helical tomotherapy.46,47
Further evidence is required to determine the relative
efﬁcacy of PRT in high-risk prostate cancer and its potential
for dose escalation and the treatment of lymph nodes. Caution
should be taken interpreting the ﬁndings above as sample sizes
were small and the number of studies investigating proton
beam radiation as monotherapy for high-risk disease is scarce.
Further, proton range uncertainty49 and other technical and
clinical issues associated with proton radiotherapy to the pelvic
lymph nodes (such as difﬁculty with complex inhomogeneities
such as rectum and small bowel, difﬁculty dealing with organ
motion, and lack of strong clinical evidence)50 limit our ability
to assess this treatment. Speciﬁcally, errors and variation
patient and prostate positioning may result in greater errors
for proton beam radiation compared with photon beam
therapy because of sharper dose gradients, as well as greater
sensitivity to the traversed tissue density.51 Additional prospective clinical trials are crucial to compare PRT with other
treatment modalities when treating the pelvis. In particular for
a time when any pelvic radiation (regardless of particle used—
photon or proton) remains an area of investigation and
uncertainty.52

HDR Brachytherapy
Even with the most modern techniques, the normal tissue
tolerance of the bladder and rectum limit the dose to which
patients can be safely treated with external beam radiotherapy
(EBRT). The use of intensity-modulated, image-guided HDR
brachytherapy allows for a degree of conformality and dose
escalation that is difﬁcult to achieve with EBRT. By deﬁnition,
HDR brachytherapy delivers radiotherapy at a dose rate of
412 Gy/hour and Iridium-192 is the most commonly used
isotope. The treatments are either performed as an outpatient
(single fraction) or require a short hospitalization (single
implant and multifraction).
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At most centers, ﬁducials and HDR catheters are placed with
an epidural and under conscious sedation, using transrectal
ultrasound (TRUS) guidance. Once the catheters are in place,
computed tomography, TRUS, or MRI is obtained to ensure
proper placement and for treatment planning purposes. The
Groupe Europeen de Curietherapie European Society of
Therapeutic Radiation Oncology (GEC-ESTRO) recently published dosimetric constraints for both target coverage and
organs at risk.53 The recommendations for target coverage
include V100 4 95% and D90 4 100%. The normal tissue
constraints set forth include limiting dose to 2 cc of the rectum
to o75 Gy (EQD2), dose to 2 cc of the bladder o 85 Gy
(EQD2), and dose to 0.1 cc of the urethra o 120 Gy (EQD2).
Although HDR and low-dose-rate (LDR) brachytherapy are
excellent treatment modalities, there are many advantages to
HDR brachytherapy. HDR brachytherapy plans are optimized
and administered with the catheters in place, thereby giving a
more accurate reﬂection of the actual dose delivered. Conversely, LDR brachytherapy is susceptible to seed migration
and seed misplacement. Additionally, the highly conformal
dose distributions that can be achieved with HDR brachytherapy allows for more reliable coverage of extraprostatic disease,
which is particularly important when treating patients with
high-risk prostate cancer. In an analysis of 454 patients treated
with brachytherapy (248 HDR and 206 LDR), HDR brachytherapy was associated with less acute grade 1-3 dysuria,
urinary frequency or urgency, rectal pain, chronic urgency or
frequency, chronic dysuria, and erectile dysfunction compared
with LDR brachytherapy with no difference in biochemical
disease-free survival.54
From a radiation biology perspective, HDR brachytherapy
may be ideally suited for the treatment of prostate cancer.
Although the true alpha/beta ratio of prostate cancer is
unknown and controversial, it is theorized to be between
1 and 3 Gy,55 and therefore it has been hypothesized that
larger doses per fraction may be optimal for tumor control.56
Although HDR brachytherapy is generally well tolerated,
there are patients who are not suitable candidates because of
preexisting conditions that may increase the probability of
toxicity or result in suboptimal patient outcomes. Speciﬁcally,
the American Brachytherapy Society guidelines for HDR
brachytherapy list prior rectal surgery, prior pelvic radiotherapy, inﬂammatory bowel disease, prior transurethral
resection of the prostate, large prostate volume (450 cc)
and signiﬁcant urinary symptoms (international prostate
symptom score 4 20) as relative contraindications.57

Boost
HDR brachytherapy is most commonly used as a form of dose
escalation with EBRT to treat patients with high-risk and
intermediate-risk prostate cancer. Although there is a wide
range of HDR brachytherapy boost schedules found in the
literature, the National Comprehensive Cancer Network
recommends 9.5-11.5 Gy  2 fractions, 5.5-7.5 Gy  3 fractions or 4-6 Gy  4 fractions. Conversely, recent NRG or
Radiation Therapy Oncology Group trials mandate a single
fraction of 15 Gy if they are to receive an HDR boost. Owing to
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the concern of increased toxicity that may be seen with larger
fraction sizes, most of the earlier series of HDR brachytherapy
delivered multiple fractions with one or more implant. More
recently, for resource allocation and patient convenience, the
trend has been toward fewer fractions and a single implant
with favorable results.58,59
Investigators at Memorial Sloan Kettering Cancer Center
retrospectively reviewed the outcomes of patients treated with
dose escalated IMRT (86.4 Gy; n ¼ 470) to those treated with
HDR brachytherapy (21 Gy in 3 fractions) followed by IMRT
(50.4 Gy; n ¼ 160).60 At a median follow-up of 53 months, the
5-year biochemical disease-free survival for patients with highrisk prostate cancer was 93% in patients who received an HDR
boost followed by IMRT vs only 71% in patients treated with
IMRT alone (P o 0.01). Though these groups (IMRT and
HDR) were compared within each risk group strata, the IMRT
cohort overall appeared to be higher risk than the HDR cohort.
Further study is needed before deﬁnitive conclusions can
be made.
More recently, the Androgen Suppression Combined With
Elective Nodal and Dose Escalated Radiotherapy (ASCENDERT) trial randomized 400 patients (276 high risk and 124
intermediate risk) to whole pelvis radiotherapy (46 Gy in 23
fractions) followed by Iodine-125 LDR brachytherapy boost
(115 Gy) vs whole pelvis radiotherapy (46 Gy in 23 fractions)
followed by a conformal EBRT boost (32 Gy in 16 fractions).61
All patients were treated with twelve months of ADT with a
leutenizing hormone releasing hormone agonist plus a nonsteroidal antiandrogen for at least one month. With a median
follow-up of 6.5 years, patients receiving brachytherapy boost
were half as likely to have biochemical recurrence at 9 years
(17% vs 37%; P o 0.01). Unfortunately, those randomized to
LDR brachytherapy boost had a higher prevalence of late grade
3 or higher toxicity (8% vs 2%; P o 0.01). Theoretically, with
HDR brachytherapy, lower rates of late toxicity could be
hypothesized given the potential dosimetric advantages
mentioned above.

Monotherapy
Historically, the primary role of HDR brachytherapy in patients
with high-risk prostate cancer has been as a boost after the
completion of EBRT. This is because many physicians believe
that patients with high-risk disease may warrant pelvic EBRT
and have extraprostatic disease that may not be adequately
covered with brachytherapy. However, some investigators
suggest that with plan optimization and inverse planning,
HDR brachytherapy can provide adequate coverage for lesions
with extraprostatic extension.62-64
In the largest series of HDR brachytherapy monotherapy in
the literature, 718 patients (55% low risk, 25% intermediate
risk, and 20% high risk) were treated with TRUS-guided HDR
monotherapy using the following schedules: 9.5 Gy  4 fractions (2 implants) or 11.5 Gy  3 fractions (3 implants).63 In
the entire cohort, 21% received ADT (median duration of 9
months). With a median follow-up of 52 months, the 8-year
bDFS was 90% and the rates of acute GU and GI toxicity was
5.4% and 0.2%, respectively. The rates of late grade 3 GU and

GI toxicity was 3.5% and 1.6%, respectively. Additionally,
81% of patients reported erectile function suitable for intercourse (with or without the use of erectile aids). In the highrisk cohort, ADT was administered to 56% of patients and the
8-year bDFS was 82%.
More recently, Yoshioka et al65 published the results of 190
patients (111 high risk and 79 intermediate risk) treated with a
single HDR implant and the following schedules: 48 Gy/8
fractions, 54 Gy/9 fractions, or 45.5 Gy/7 fractions. Overall,
73% of all patients received ADT (median duration of 2 years).
With a median follow-up of 92 months, the 8-year bDFS was
91% for the entire cohort and the cumulative incidence of late
grade 2-3 GU and grade 2-3 GI toxicity at 8 years was 10% and
4%, respectively. In this cohort of 190 intermediate- and highrisk patients who did not receive pelvic EBRT, only 3 (1.5%)
failed in the pelvis. In patients with high-risk prostate cancer,
ADT was administered to 94% of patients and the 8-year bDFS
was 77%.

Focal Boost of Dominant Intraprostatic Lesion
HDR has been investigated for focal boosting of MRI detected
dominant intraprostatic lesions (DILs), and has been shown to
be feasible66-68 in combination with ADT.69 Generally, HDR
appears to be superior to external beam treatment in terms of
dosimetry.70 The largest report involves 15 patients with
intermediate-high–risk prostate cancer with a median followup of 18 months.71 Early biochemical response was “good in
all patients” though not reported. Of 15 patients, 3 experienced
acute grade 2 GU toxicity and 2 had acute grade 2 GI toxicity.
Robust and long term information regarding clinical outcomes
are therefore still lacking.
In conclusion, HDR brachytherapy is a safe and effective
treatment modality for dose escalation, either as a boost after
EBRT or as monotherapy. Recent technological advances have
allowed for improvements in plan optimization and inverse
planning, resulting in highly conformal dose distributions that
maximize dose to the target whereas minimizing dose to the
urethra, bladder, and rectum. Whether HDR brachytherapy is
superior to other treatment modalities that attempt to boost
dose to the prostate should be the subject of further clinical
research.

Nonradiotherapy and
Nonsurgical Options
Alternative therapies to radiation and surgery continue to be
investigated for the treatment of high-risk disease with the
intent of delivering treatment focally. The most widely studied
include HIFU and cryoablation. Both of these technologies aim
to deliver prostate ablative treatment in a minimally invasive
manner and in particular are being investigated as a middle
ground alternative to active surveillance and whole-gland
treatment. Unfortunately, long term data remain lacking, and
the utility of a focal therapy for high-risk disease remains
unclear and controversial.72 Furthermore, most investigation
of focal therapy has centered on low-risk disease.73
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High-Intensity Focused Ultrasound
HIFU therapy attempts to deliver thermal energy to the
prostate, causing coagulative necrosis, and has largely been
investigated for low-risk disease. However, some data on
intermediate and high-risk disease do exist. A German study
retrospectively investigated 704 patients, of whom 78% had
intermediate- or high-risk disease. Notably, 1440 cases were
initially identiﬁed but 736 were excluded from analysis for one
reason or another. In this highly selected cohort, there was a
striking 19%-24% risk of bladder neck scar or stenosis, and a
likelihood of urinary incontinence of 3.26%. Rectourethral
ﬁstula, chronic perineal pain, and other toxicities were noted—
though at a rate of less than 1%. The need for salvage therapy
was required in 32% of high-risk patients.74 The type of
salvage therapy required was not speciﬁed (though typically
local salvage therapy involves radical prostatectomy or radiotherapy). Notably, salvage radical prostatectomy post-HIFU
are suggested to have more signiﬁcant toxicity and worse
biochemical control compared with salvage radiotherapy,75
though comparative studies do not exist.
Though the above German study was considered encouraging data by urology editorialists76,77 these ﬁndings do indicate
a treatment that is reportedly more toxic and potentially less
efﬁcacious than modern radiotherapy treatments. Other investigators have also noted the possibility of a rectourethral ﬁstula
after HIFU.78 Therefore, in light of existing radiation technology that is arguably more comprehensive and less toxic, the
role of HIFU in high-risk prostate cancer patients is likely
limited, and will be reserved for low-risk patients or those
patients who require focal salvage therapy after radiation.79
Even in these patients, further data are needed before
appropriate efﬁcacy and toxicity can be proven.

Cryoablation
Cryotherapy (otherwise known as cryoablation) attempts to
create focal areas of freezing (to below negative 301C) and thus
causing cell death. As freezing the entire prostate is obviously
problematic, most studies have focused on hemiablation or
focal (lesion targeted) therapy. The largest hemiablation
cryotherapy study found that of 73 patients, continence was
maintained in 100%, and 86% had potency sparing.80 All of
these patients, however, had unilateral and low-intermediate–
risk disease. Cryoablation has been also investigated as focal
salvage therapy after recurrence of disease post-radiation.79
However, the use of cryotherapy for high-risk disease has not
been investigated and should be considered highly
experimental.

Other Focally Delivered Therapies
Other focally directed therapy,72 such as photodynamic
therapy, photothermal ablation and RFA have been proposed
for the treatment of prostate cancer. Though most series are
small, there are multiple ongoing clinical trials that can
hopefully shed light on the utility of these experimental
therapies.72

39
Photodynamic therapy uses transperineally inserted ﬁber
optic catheters that deliver light to the prostate. This light, in
combination with a photosensitizing agent (that would ideally
preferentially locate to the prostate and prostate cancer)
attempts to cause cancer death via vascular damage and
cellular injury. Very little data exist to support the use of
photodynamic therapy in prostate cancer. In a recent systematic review of focal therapy for prostate cancer81 only two
studies were found that used photodynamic therapy as
primary treatment.82,83 Neither of these studies included
high-risk patients. No studies are ongoing for the use of
photodynamic therapy in high-risk patients.81
Photothermal ablation, also known as laser interstitial
thermal therapy (LITT) has been readily embraced for the
treatment of intracranial disease.84 However, given its potential
ability to deliver thermal energy in a more controlled and
image-guided manner, LITT is also being investigated for
prostate cancer.85 The largest series is a phase I trial which
indicated reasonable toxicity in a group of low-risk men.86 As
with other focally directed non–whole gland treatment, its
utility for high-risk disease may be limited. In contrast, LITT
may be a promising therapy for cases of local recurrence after
radiotherapy for high-risk prostate cancer. Limiting its use is
the required presence of an MRI within the operating suite.
Further study is obviously needed.
RFA delivers electrical current to the target through an
interstitial electrode to cause cell death via thermal damage. A
pilot study was completed in 201387 but has yet to publish its
results despite enrolling only 5 patients. A second study
reported almost 20 years ago was performed to demonstrate
the potential feasibility of RFA in patients who were scheduled
for prostatectomy.88 “Extensive” coagulative necrosis was
reported in this study, and only one patient who underwent
the RFA procedure did not subsequently undergo surgery.
Therefore, given the lack of data concerning RFA and the
treatment of any prostate cancer, the use of RFA for prostate
cancer remain experimental.

Conclusion
The treatment of high-risk prostate cancer continues to evolve.
Not only treatment-related toxicities are of critical importance,
but high-risk disease prostate cancer still requires the comprehensive treatment of the prostate. Escalating dose to the
prostate using HDR, SBRT, or proton radiotherapy may
improve disease control, though further study is needed. Most
new radiation therapy (SBRT, HDR, and proton beam
radiation) has been largely investigated in combination with
regional radiation therapy. Though the evidence is evolving,
the use of SBRT, HDR, and modern proton beam radiation is
promising. Nonradiation focal therapy has been proposed
mainly for partial gland treatment, and its use in high-risk
patients remains experimental.
Future directions in the treatment of high-risk prostate
cancer require further evidence as to the risks and beneﬁts of
SBRT and HDR boost therapy. The optimal doses, treatment
volumes, and technique remain to be elucidated before SBRT
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and HDR boost can been routinely incorporated into standard
therapy. Given randomized evidence supporting earlier chemotherapy in the metastatic setting and potentially in the very
high-risk setting,89 how to incorporate systemic therapy and
new focal technologies should be an area of further
investigation.

References
1. Zumsteg ZS, Spratt DE, Romesser PB, et al: Anatomical patterns of
recurrence following biochemical relapse in the dose escalation era of
external beam radiotherapy for prostate cancer. J Urol 194:1624-1630,
2015
2. Fowler JF, Ritter MA, Chappell RJ, et al: What hypofractionated protocols
should be tested for prostate cancer? Int J Radiat Oncol Biol Phys
56:1093-1104, 2003
3. Arcangeli S, Strigari L, Gomellini S, et al: Updated results and patterns of
failure in a randomized hypofractionation trial for high-risk prostate
cancer. Int J Radiat Oncol Biol Phys 84:1172-1178, 2012
4. Arcangeli G, Fowler J, Gomellini S, et al: Acute and late toxicity in a
randomized trial of conventional versus hypofractionated threedimensional conformal radiotherapy for prostate cancer. Int J Radiat
Oncol Biol Phys 79:1013-1021, 2011
5. Wilkins A, Mossop H, Syndikus I, et al: Hypofractionated radiotherapy
versus conventionally fractionated radiotherapy for patients with
intermediate-risk localised prostate cancer: 2-Year patient-reported outcomes of the randomised, non-inferiority, phase 3 CHHiP trial. Lancet
Oncol 16:1605-1616, 2015
6. Aluwini S, Pos F, Schimmel E, et al: Hypofractionated versus conventionally fractionated radiotherapy for patients with prostate cancer
(HYPRO): Late toxicity results from a randomised, non-inferiority, phase
3 trial. Lancet Oncol 17:464-474, 2016
7. Fowler JF, Toma-Dasu I, Dasu A: Is the alpha/beta ratio for prostate
tumours really low and does it vary with the level of risk at diagnosis?,
Anticancer Res, 33; 1009-1011, 2013
8. Fowler JF: The radiobiology of prostate cancer including new aspects of
fractionated radiotherapy. Acta Oncol 44:265-276, 2005
9. Pollack A, Walker G, Horwitz EM, et al: Randomized trial of hypofractionated external-beam radiotherapy for prostate cancer. J Clin Oncol
31:3860-3868, 2013
10. Lee WR: Extreme hypofractionation for prostate cancer. Expert Rev
Anticancer Ther 9:61-65, 2009
11. King CR, Freeman D, Kaplan I, et al: Stereotactic body radiotherapy for
localized prostate cancer: Pooled analysis from a multi-institutional
consortium of prospective phase II trials. Radiother Oncol
109:217-221, 2013
12. Kang JK, Cho CK, Choi CW, et al: Image-guided stereotactic body
radiation therapy for localized prostate cancer. Tumori 97:43-48, 2011
13. Lee YH, Son SH, Yoon SC, et al: Stereotactic body radiotherapy for
prostate cancer: A preliminary report. Asia Pac J Clin Oncol 10:e46-e53,
2014
14. Jabbari S, Weinberg VK, Kaprealian T, et al: Stereotactic body radiotherapy as monotherapy or post-external beam radiotherapy boost for
prostate cancer: Technique, early toxicity, and PSA response. Int J Radiat
Oncol Biol Phys 82:228-234, 2012
15. Oliai C, Lanciano R, Sprandio B, et al: Stereotactic body radiation therapy
for the primary treatment of localized prostate cancer. J Radiat Oncol
2:63-70, 2013
16. Hannan R, Tumati V, Xie XJ, et al: Stereotactic body radiation therapy for
low and intermediate risk prostate cancer—Results from a multiinstitutional clinical trial. Eur J Cancer 59:142-151, 2016
17. Fuller DB, Naitoh J, Mardirossian G: Virtual HDR CyberKnife SBRT for
localized prostatic carcinoma: 5-Year disease-free survival and toxicity
observations. Front Oncol 4:321, 2014
18. ISRCTN: Phase III Study of HYPOfractionated RadioTherapy of Intermediate Risk Localised Prostate Cancer, 2016.

W.J. Magnuson et al
19. Anwar M, Weinberg V, Seymour Z, et al: Outcomes of hypofractionated
stereotactic body radiotherapy boost for intermediate and high-risk
prostate cancer. Radiat Oncol 11:8, 2016
20. Kim HJ, Phak JH, Kim WC: Clinical outcomes of whole pelvis radiotherapy
and stereotactic body radiotherapy boost for intermediate- and high-risk
prostate cancer. Asia Pac J Clin Oncol 2016 Feb 5. [Epub ahead of print]
21. Oermann EK, Slack RS, Hanscom HN, et al: A pilot study of intensity
modulated radiation therapy with hypofractionated stereotactic body
radiation therapy (SBRT) boost in the treatment of intermediate- to highrisk prostate cancer. Technol Cancer Res Treat 9:453-462, 2010
22. Aluwini S, van Rooij P, Hoogeman M, et al: Stereotactic body radiotherapy
with a focal boost to the MRI-visible tumor as monotherapy for low- and
intermediate-risk prostate cancer: Early results. Radiat Oncol 8:84, 2013
23. Kotecha R, Djemil T, Tendulkar RD, et al: Dose-escalated stereotactic body
radiation therapy for patients with intermediate- and high-risk prostate
cancer: Initial dosimetry analysis and patient outcomes. Int J Radiat Oncol
Biol Phys 95:960-964, 2016
24. RTOG: RTOG 0938 Protocol Information, 2016
25. Wu QJ, Li T, Yuan L, et al: Single institution's dosimetry and IGRT
analysis of prostate SBRT. Radiat Oncol 8:215, 2013
26. Jones BL, Gan G, Kavanagh B, et al: Effect of endorectal balloon
positioning errors on target deformation and dosimetric quality during
prostate SBRT. Phys Med Biol 58:7995-8006, 2013
27. Wong AT, Schreiber D, Agarwal M, et al: Impact of the use of an
endorectal balloon on rectal dosimetry during stereotactic body radiation
therapy for localized prostate cancer. Pract Radiat Oncol, 6:262-267, 2016
28. Song DY, Herfarth KK, Uhl M, et al: A multi-institutional clinical trial of
rectal dose reduction via injected polyethylene-glycol hydrogel during
intensity modulated radiation therapy for prostate cancer: Analysis of
dosimetric outcomes. Int J Radiat Oncol Biol Phys 87:81-87, 2013
29. Hatiboglu G, Pinkawa M, Vallee JP, et al: Application technique: Placement of a prostate-rectum spacer in men undergoing prostate radiation
therapy. BJU Int 110:E647-E652, 2012
30. Weber DC, Zilli T, Vallee JP, et al: Intensity modulated proton and photon
therapy for early prostate cancer with or without transperineal injection of
a polyethylen glycol spacer: A treatment planning comparison study. Int J
Radiat Oncol Biol Phys 84:e311-e318, 2012
31. Pinkawa M, Corral NE, Caffaro M, et al: Application of a spacer gel to
optimize three-dimensional conformal and intensity modulated radiotherapy for prostate cancer. Radiother Oncol 100:436-441, 2011
32. Pinkawa M, Klotz J, Djukic V, et al: Learning curve in the application of a
hydrogel spacer to protect the rectal wall during radiotherapy of localized
prostate cancer. Urology 82:963-968, 2013
33. Pinkawa M, Piroth MD, Holy R, et al: Spacer stability and prostate position
variability during radiotherapy for prostate cancer applying a hydrogel to
protect the rectal wall. Radiother Oncol 106:220-224, 2013
34. Uhl M, Herfarth K, Eble MJ, et al: Absorbable hydrogel spacer use in men
undergoing prostate cancer radiotherapy: 12 Month toxicity and proctoscopy results of a prospective multicenter phase II trial. Radiat Oncol 9:96,
2014
35. Uhl M, van Triest B, Eble MJ, et al: Low rectal toxicity after dose escalated
IMRT treatment of prostate cancer using an absorbable hydrogel for
increasing and maintaining space between the rectum and prostate:
Results of a multi-institutional phase II trial. Radiother Oncol
106:215-219, 2013
36. Mariados N, Sylvester J, Shah D, et al: Hydrogel spacer prospective
multicenter randomized controlled pivotal trial: Dosimetric and clinical
effects of perirectal spacer application in men undergoing prostate image
guided intensity modulated radiation therapy. Int J Radiat Oncol Biol Phys
92:971-977, 2015
37. Chapet O, Udrescu C, Tanguy R, et al: Dosimetric implications of an
injection of hyaluronic acid for preserving the rectal wall in prostate
stereotactic body radiation therapy. Int J Radiat Oncol Biol Phys
88:425-432, 2014
38. Boonsirikamchai P, Choi S, Frank SJ, et al: MR imaging of prostate cancer
in radiation oncology: What radiologists need to know. Radiographics
33:741-761, 2013

Radiation therapy
39. Wisenbaugh ES, Andrews PE, Ferrigni RG, et al: Proton beam therapy for
localized prostate cancer 101: Basics, controversies, and facts. Rev Urol
16:67-75, 2014
40. Mendenhall NP, Hoppe BS, Nichols RC, et al: Five-year outcomes from
3 prospective trials of image-guided proton therapy for prostate cancer. Int
J Radiat Oncol Biol Phys 88:596-602, 2014
41. Slater JD, Rossi Jr CJ, Yonemoto LT, et al: Proton therapy for prostate
cancer: The initial Loma Linda University experience. Int J Radiat Oncol
Biol Phys 59:348-352, 2004
42. Grimm P, Billiet I, Bostwick D, et al: Comparative analysis of prostatespeciﬁc antigen free survival outcomes for patients with low, intermediate
and high risk prostate cancer treatment by radical therapy. Results from
the Prostate Cancer Results Study Group. BJU Int 109(suppl 1):22-29,
2012
43. Shipley WU, Verhey LJ, Munzenrider JE, et al: Advanced prostate cancer:
The results of a randomized comparative trial of high dose irradiation
boosting with conformal protons compared with conventional dose
irradiation using photons alone. Int J Radiat Oncol Biol Phys 32:3-12,
1995
44. Yonemoto LT, Slater JD, Rossi Jr CJ, et al: Combined proton and photon
conformal radiation therapy for locally advanced carcinoma of the
prostate: Preliminary results of a phase I/II study. Int J Radiat Oncol Biol
Phys 37:21-29, 1997
45. Chera BS, Vargas C, Morris CG, et al: Dosimetric study of pelvic proton
radiotherapy for high-risk prostate cancer. Int J Radiat Oncol Biol Phys
75:994-1002, 2009
46. Widesott L, Pierelli A, Fiorino C, et al: Helical tomotherapy vs. intensitymodulated proton therapy for whole pelvis irradiation in high-risk
prostate cancer patients: Dosimetric, normal tissue complication probability, and generalized equivalent uniform dose analysis. Int J Radiat Oncol
Biol Phys 80:1589-1600, 2011
47. Vees H, Dipasquale G, Nouet P, et al: Pelvic lymph node irradiation
including pararectal sentinel nodes for prostate cancer patients: Treatment
optimization comparing intensity modulated x-rays, volumetric modulated arc therapy, and intensity modulated proton therapy. Technol
Cancer Res Treat 14:181-189, 2015
48. Bryant C, Smith TL, Henderson RH, et al: Five-year biochemical results,
toxicity, and patient-reported quality of life after delivery of dose-escalated
image guided proton therapy for prostate cancer. Int J Radiat Oncol Biol
Phys 95:422-434, 2016
49. Dimitroyannis DA: Response to “Dosimetric study of pelvic radiotherapy
for high-risk prostate cancer.” (Int J Radiat Oncol Biol Phys 2009;75:9941002) (author reply 316). Int J Radiat Oncol Biol Phys 78:315, 2010
50. Goitein M: Magical protons? Int J Radiat Oncol Biol Phys 70:654-656,
2008
51. Meyer J, Bluett J, Amos R, et al: Spot scanning proton beam therapy for
prostate cancer: Treatment planning technique and analysis of consequences of rotational and translational alignment errors. Int J Radiat Oncol
Biol Phys 78:428-434, 2010
52. Martin NE, D'Amico AV: Progress and controversies: Radiation therapy
for prostate cancer, CA Cancer J Clin, 64; 389-407, 2014
53. Hoskin PJ, Colombo A, Henry A, et al: GEC/ESTRO recommendations on
high dose rate afterloading brachytherapy for localised prostate cancer: An
update. Radiother Oncol 107:325-332, 2013
54. Martinez AA, Demanes J, Vargas C, et al: High-dose-rate prostate
brachytherapy: An excellent accelerated-hypofractionated treatment for
favorable prostate cancer. Am J Clin Oncol 33:481-488, 2010
55. Bentzen SM, Ritter MA: The alpha/beta ratio for prostate cancer: What is it,
really? Radiother Oncol 76:1-3, 2005
56. Brenner DJ, Martinez AA, Edmundson GK, et al: Direct evidence that
prostate tumors show high sensitivity to fractionation (low alpha/beta
ratio), similar to late-responding normal tissue. Int J Radiat Oncol Biol
Phys 52:6-13, 2002
57. Yamada Y, Rogers L, Demanes DJ, et al: American Brachytherapy Society
consensus guidelines for high-dose-rate prostate brachytherapy. Brachytherapy 11:20-32, 2012
58. Morton GC, Loblaw DA, Chung H, et al: Health-related quality of life after
single-fraction high-dose-rate brachytherapy and hypofractionated

41

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.
77.
78.

79.

external beam radiotherapy for prostate cancer. Int J Radiat Oncol Biol
Phys 80:1299-1305, 2011
Morton GC, Loblaw DA, Sankreacha R, et al: Single-fraction high-doserate brachytherapy and hypofractionated external beam radiotherapy for
men with intermediate-risk prostate cancer: Analysis of short- and
medium-term toxicity and quality of life. Int J Radiat Oncol Biol Phys
77:811-817, 2010
Deutsch I, Zelefsky MJ, Zhang Z, et al: Comparison of PSA relapse-free
survival in patients treated with ultra-high-dose IMRT versus combination
HDR brachytherapy and IMRT. Brachytherapy 9:313-318, 2010
Morris WJ, Tyldesley S, Pai HH, et al: ASCENDE-RT*: A multicenter,
randomized trial of dose-escalated external beam radiation therapy (EBRTB) versus low-dose-rate brachytherapy (LDR-B) for men with unfavorablerisk localized prostate cancer. J Clin Oncol 33(suppl 7):3, 2015
Hoskin P, Rojas A, Lowe G, et al: High-dose-rate brachytherapy alone for
localized prostate cancer in patients at moderate or high risk of
biochemical recurrence. Int J Radiat Oncol Biol Phys 82:1376-1384, 2012
Zamboglou N, Tselis N, Baltas D, et al: High-dose-rate interstitial
brachytherapy as monotherapy for clinically localized prostate cancer:
Treatment evolution and mature results. Int J Radiat Oncol Biol Phys
85:672-678, 2013
Rogers CL, Alder SC, Rogers RL, et al: High dose brachytherapy as
monotherapy for intermediate risk prostate cancer. J Urol 187:109-116,
2012
Yoshioka Y, Suzuki O, Isohashi F, et al: High-dose-rate brachytherapy as
monotherapy for intermediate- and high-risk prostate cancer: Clinical
results for a median 8-year follow-up. Int J Radiat Oncol Biol Phys
94:675-682, 2016
Kazi A, Godwin G, Simpson J, et al: MRS-guided HDR brachytherapy
boost to the dominant intraprostatic lesion in high risk localised prostate
cancer. BMC Cancer 10:472, 2010
Kim Y, Hsu IC, Lessard E, et al: Class solution in inverse planned HDR
prostate brachytherapy for dose escalation of DIL deﬁned by combined
MRI/MRSI. Radiother Oncol 88:148-155, 2008
Pouliot J, Kim Y, Lessard E, et al: Inverse planning for HDR prostate
brachytherapy used to boost dominant intraprostatic lesions deﬁned by
magnetic resonance spectroscopy imaging. Int J Radiat Oncol Biol Phys
59:1196-1207, 2004
Mason J, Al-Qaisieh B, Bownes P, et al: Multi-parametric MRI-guided focal
tumor boost using HDR prostate brachytherapy: A feasibility study.
Brachytherapy 13:137-145, 2014
Andrzejewski P, Kuess P, Knausl B, et al: Feasibility of dominant
intraprostatic lesion boosting using advanced photon-, proton- or
brachytherapy. Radiother Oncol 117:509-514, 2015
Gomez-Iturriaga A, Casquero F, Urresola A, et al: Dose escalation to
dominant intraprostatic lesions with MRI-transrectal ultrasound fusion
high-dose-rate prostate brachytherapy. Prospective phase II trial. Radiother Oncol 119:91-96, 2016
Kasivisvanathan V, Emberton M, Ahmed HU: Focal therapy for prostate
cancer: Rationale and treatment opportunities. Clin Oncol (R Coll Radiol)
25:461-473, 2013
Giannarini G, Gandaglia G, Montorsi F, et al: Will focal therapy remain
only an attractive illusion for the primary treatment of prostate cancer? J
Clin Oncol 32:1299-1301, 2014
Thuroff S, Chaussy C: Evolution and outcomes of 3 MHz high intensity
focused ultrasound therapy for localized prostate cancer during 15 years. J
Urol 190:702-710, 2013
Holtzman AL, Hoppe BS, Letter HP, et al: Proton therapy as salvage
treatment for local relapse of prostate cancer following cryosurgery or
high-intensity focused ultrasound. Int J Radiat Oncol Biol Phys
95:465-471, 2016
Chin JL: Editorial comment. J Urol 190:710, 2013
Gardner TA: Editorial comment. J Urol 190:710, 2013
Koch MO, Gardner T, Cheng L, et al: Phase I/II trial of high intensity
focused ultrasound for the treatment of previously untreated localized
prostate cancer. J Urol 178:2366-2370, 2007;[discussion 2370-2371]
Duijzentkunst DA, Peters M, van der Voort van Zyp JR, et al: Focal salvage
therapy for local prostate cancer recurrences after primary radiotherapy: A
comprehensive review. World J Urol, 2016 Mar 24. [Epub ahead of print]

W.J. Magnuson et al

42
80. 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 62:55-63, 2012
81. Valerio M, Ahmed HU, Emberton M, et al: The role of focal therapy in the
management of localised prostate cancer: A systematic review. Eur Urol
66:732-751, 2014
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 38:356-363, 2006
83. Barret E, Ahallal Y, Sanchez-Salas R, et al: Morbidity of focal therapy in the
treatment of localized prostate cancer. Eur Urol 63:618-622, 2013
84. Missios S, Bekelis K, Barnett GH: Renaissance of laser interstitial thermal
ablation. Neurosurg Focus 38:E13, 2015
85. Litjens GJ, Huisman HJ, Elliott RM, et al: Quantitative identiﬁcation of
magnetic resonance imaging features of prostate cancer response

86.

87.

88.

89.

following laser ablation and radical prostatectomy. J Med Imaging
(Bellingham) 1:035001, 2014
Lindner U, Weersink RA, Haider MA, et al: Image guided photothermal
focal therapy for localized prostate cancer: Phase I trial. J Urol
182:1371-1377, 2009
Abern MR, Tsivian M, Polascik TJ: Focal therapy of prostate cancer:
Evidence-based analysis for modern selection criteria. Curr Urol Rep
13:160-169, 2012
Zlotta AR, Djavan B, Matos C, et al: Percutaneous transperineal radiofrequency ablation of prostate tumour: Safety, feasibility and pathological
effects on human prostate cancer. Br J Urol 81:265-275, 1998
Vale CL, Burdett S, Rydzewska LH, et al: Addition of docetaxel or
bisphosphonates to standard of care in men with localised or metastatic,
hormone-sensitive prostate cancer: A systematic review and meta-analyses
of aggregate data. Lancet Oncol 17:243-256, 2016

