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ABSTRACT. The technological advances in real-time ultrasound image guidance for
high dose rate (HDR) prostate brachytherapy places this treatment modality at the
forefront of innovation in radiotherapy. This review article will explore the rationale
for HDR brachytherapy as a highly conformal method of dose delivery and safe dose
escalation to the prostate, in addition to the particular radiobiological advantages it
has over low dose rate and external beam radiotherapy. The encouraging outcome
data and favourable toxicity profile will be discussed before looking at emerging
applications for the future and how this procedure will feature alongside stereotactic
radiosurgery.
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Prostate cancer is the most common male malignancy in
the Western world. This is largely attributable to earlier
detection and screening following the introduction of
prostate-specific antigen (PSA) testing into routine clinical
practice in the late 1980s, and as life expectancy increases
the prevalence will also increase in a more aged
population [1]. As a result prostate cancer is likely to
continue to be a significant health problem with poten-
tially more localised disease being detected, and a
demand for active treatment in a more elderly patient
cohort of whom at least 20% are likely to fail an initial
period of surveillance [2].

The traditional treatment options for those with
localised prostate cancer—radical prostatectomy, exter-
nal beam radiotherapy (EBRT) and low dose rate (LDR)
brachytherapy—are considered to have similar efficacy
and have contributed to a decline in what still remains a
substantial mortality from prostate cancer [3]. Thus,
factors such as the impact on quality of life, treatment
time, convenience and cost will all play an increasingly
important role in deciding which therapeutic modality
the patient chooses.

Radiotherapy is an important therapeutic modality
for the treatment of patients with localised or locally
advanced prostate cancer [4]. The past few decades have
seen significant advances in radiation techniques, and
in particular high dose rate (HDR) brachytherapy, that
together with radiosurgery are now at the forefront of
innovation in the field of radiotherapy.

This overview will focus on the role of HDR
brachytherapy in the treatment of prostate cancer, looking
at the rationale and the advantages over LDR brachyther-
apy, three-dimensional conformal radiotherapy (3D-CRT)
and intensity-modulated radiotherapy (IMRT). The clin-
ical indications and experiences of its use thus far will be
reviewed before considering newer applications for the
future and how it compares with radiosurgery using
CyberKnifeH (Accuray Incorporated, Sunnyvale, CA).

The dose–response for prostate cancer and the
use of three-dimensional conformal
radiotherapy and intensity-modulated
radiotherapy

Local tumour control is directly related to the radiation
dose that it receives, with pre-clinical evidence suggest-
ing that at least a dose of 70 Gy is needed to control
prostate cancer [5]. Moreover, clinical studies have also
shown that disease control rates for intermediate- to
high-risk disease can be improved with higher doses of
EBRT. For example, a sequential dose-escalating study
from Zelefsky et al [6] indicated a steady reduction in the
post-treatment positive biopsy rate from 54% at 64.8 Gy
to 34% at 70.2 Gy, 23% at 75.6 Gy and 10% at 81 Gy.
Similarly, a randomised study from the MD Anderson
Cancer Center comparing 70 Gy with 78 Gy showed an
improved disease-free survival with the higher radiation
dose, with the 6-year freedom-from-failure rate increasing
from 64% to 70% [7]. However, such dose escalation came
at a price of increasing gastrointestinal and genitourinary
toxicity with the actuarial risk of grade $2 rectal toxicity at
6 years of 12% and 26% for the 70 and 78 Gy arms,
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respectively (p50.001) [7]. Subgroup analysis suggested
that the benefit of dose escalation was greater for those
with a pre-treatment PSA level .10 ng ml–1. The data from
these trials contributed to the general consensus that
many patients with localised prostate cancer should
receive at least 74 Gy [8].

The efficacy of radiotherapy depends on trying to
achieve optimal biological and clinical effects on the
tumour on one hand, while sparing normal tissue on the
other. Considerable advances in external beam radia-
tion technology over the last decade have led to the
development of 3D-CRT and IMRT, which closely match
and modulate the high-dose volume to the tumour target
while reducing the radiation to dose-limiting normal
tissues. Such ‘‘shaping’’ of the radiotherapy beam is
achieved using linear accelerators with multileaf colli-
mators. A randomised Phase 3 trial conducted at the
Royal Marsden Hospital, London, UK, has shown that a
significant reduction in rectal toxicity can be achieved
when compared with standard non-conformal/conven-
tional EBRT, with a reduction in the rate of proctitis from
18% to 8% [9]. Such reduction in toxicity formed the basis
of testing the concept of dose escalation, which might
improve treatment efficacy [10]. There is now good
clinical evidence to confirm that IMRT can reduce acute
and late occurring toxicities, and thereby serve as a tool
for dose escalation. For example, Zelefsky and colleagues
[11] followed a series of 772 patients who were treated
with a dose of either 81 Gy or more for a median of
24 months. This resulted in grade $2 toxicity of just 4%
at 3 years.

The advantages of brachytherapy over
external beam radiotherapy

Prostate brachytherapy is a form of radiotherapy in
which radiation delivery is targeted directly at the
prostate gland via a radiation source that is implanted
or temporarily placed within the gland. Brachytherapy
has a long heritage in cancer treatment, first being used
over 100 years ago [12]. Traditionally, brachytherapy was
delivered by using radioactive seeds that were perma-
nently implanted into the prostate using an open retro-
pubic approach, delivering radiation at a continuous
LDR [13]. This has now been succeeded by a transperineal
approach using transrectal ultrasound. There are now
good robust durable data for the efficacy of LDR
brachytherapy with results similar to both surgery and
EBRT [14]. As such, it is now well established as a
treatment modality for localised prostate cancer.

More recently, HDR brachytherapy has emerged
into the clinical arena. This procedure involves using a
radiation source (iridium) that is delivered from a
chamber through a series of catheters that are temporarily
placed within the prostate transperineally using ultra-
sound guidance.

Brachytherapy represents the ultimate in conformal
therapy [15, 16], because the dose decreases exponen-
tially with increasing distance from the radioactive
source according to the inverse-square law. This allows
the dose to surrounding normal tissues to be minimised,
thereby permitting safe dose escalation (.140 Gy) to the
prostate [17, 18]. Unlike EBRT, any movement of the

prostate during treatment does not need to be taken into
account as the implanted radioactive sources move with
the prostate. It is these two factors that make brachyther-
apy a potentially more attractive option than either 3D-
CRT or IMRT.

The conformality achievable with brachytherapy
results in a significant reduction in the volume of healthy
tissue receiving unnecessary radiation, with the potential
to reduce the incidence of urinary and sexual function
side-effects compared with surgery, and a lower inci-
dence of bowel side-effects than EBRT [19]. The reduc-
tion in radiation dose exposure to nearby normal tissue
also reduces the risk of radiation-induced secondary
malignancies, notably bowel and bladder cancer, the risk
of which increases with time [20]. This is an important
factor when considering radiotherapy as a radical
treatment option in younger patients. Brachytherapy
also has significantly shorter treatment times than
EBRT—day(s) rather than weeks—and shorter recovery
times than surgery [17]. In addition, brachytherapy is
highly cost-effective with lower set-up and maintenance
costs than modern conformal EBRT [21].

The rationale for high dose rate
brachytherapy: radiobiological advantage
over low dose rate

The attractiveness of HDR over LDR brachytherapy
lies in the understanding of the radiobiology of prostate
cancer. There is a growing belief that prostate cancer is
particularly sensitive to radiation delivered at a high
dose per fraction, and this radiation fractionation
sensitivity is reflected by a low a/b ratio. Tissues with
a lower a/b ratio will experience greater cell killing by
larger fraction size than tissues with a higher ratio.
Although the a/b ratio for prostate cancer is unknown,
most investigators believe it to be around 1.4–1.8 [22, 23].
This is even lower than the typical a/b ratio of late
normal tissue (around 3) [24–26], and much lower than
the a/b ratio of acutely reacting normal tissues and most
cancers (around 10).

The significance of this is shown in Figure 1. If the a/b
ratio of normal tissue is less than that of a tumour, then
radiation delivered at high dose per fraction, such as
HDR brachytherapy, will theoretically result in greater
killing of normal tissue and hence more toxicity. If,
however, the reverse were the case, and the tumour had
a lower a/b ratio than that of normal tissue, high dose
per fraction EBRT or HDR brachytherapy would result in
relative sparing of normal tissues. This suggests that for
prostate cancer either HDR brachytherapy or hypofrac-
tionated external beam regimes offer the potential for
better tumour control rates than conventional (EBRT
using 2 Gy per fraction) treatments with a reduction in
late sequelae [27].

Table 1 illustrates how much extra radiation dose can
be delivered using HDR when combined with EBRT,
by comparing the biological equivalent doses at 2 Gy
per fraction, for different fractionation regimes and
assuming different a/b ratios. A hypofractionated
regime (55 Gy over 20 fractions) and a standard regime
of 74 Gy over 37 fractions are compared with a dose
regime of 44 Gy over 22 fractions to the pelvis, with 17 Gy
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over 2 fractions of HDR boost to the prostate. Assuming
an a/b ratio of 10 for early responding tissues (i.e. bowel)
we see that similar dose equivalents are achieved with
either HDR or EBRT (and therefore the potential for
similar early toxicity), but if we assume a low a/b ratio
for prostate cancer then the biological equivalent dose is
substantially greater than with standard or hypofractio-
nated EBRT alone, supporting safe dose escalation with
HDR.

Indications for high dose rate brachytherapy

Currently, the main indication for HDR brachytherapy
is in the context of safe dose escalation to the prostate, for
intermediate- and high-risk disease (Table 2) in which
pelvic treatment is required and the radiation dose is
limited by bowel tolerance. In these circumstances, the
HDR is given as a boost treatment to the prostate together
with EBRT to the pelvis. This has gained National Institute
for Health and Clinical Excellence approval since 2005
[28]. Although there are reports of using HDR brachy-
therapy as monotherapy, this tends to be reserved for
lower-risk disease and should be considered investiga-
tional at this stage.

The main contraindications for HDR are those patients
who are not medically fit to tolerate a general anaesthetic,
and those with significant urinary symptoms (scoring .18
on the International Prostate Symptom Score) or who have

had a previous transurethral resection of the prostate
(TURP) (increased risk of developing urinary inconti-
nence) [29]. In addition, a prostate volume of .60 cm3 is
likely to be associated with an increased risk of pubic arch
interference, thus preventing the insertion of the needles
to adequately cover the prostate. However, these factors
are relative rather than absolute contraindications; for
example, it is possible to perform HDR under spinal
anaesthesia, and the increased urinary toxicity associated
with those who have had a previous TURP reduces after a
time interval of 6 months. Such judgement will depend on
the experience of each brachytherapy centre.

Procedure

There are a number of sophisticated treatment plan-
ning systems and remote afterloaders available from
various commercial suppliers that allow real-time image-
guided HDR prostate brachytherapy.

A typical real-time image-guided HDR procedure is
carried out under general anaesthetic with the patient in
the dorsal lithotomy position. Under transrectal ultra-
sound, guidance needles are inserted into the prostate
via transperineal implantation through a grid, as shown
in Figure 2a. Transrectal ultrasound provides real-time
imaging, good image quality of the prostate boundary
and clear visualisation of the needles. One of the
limitations of transrectal ultrasound, however, is poor
soft-tissue resolution; therefore, a marker wire or aerated
gel is inserted into the urinary catheter in order to
visualise the bladder and urethra. The anterior of the
rectum is visualised in contact with the ultrasound probe
and image quality is improved with the aid of a saline-
filled endorectal balloon on the ultrasound probe.

CT and MRI, where available, can provide suitable
images for brachytherapy planning; however, unlike
ultrasound, they are not real time, but most treatment
planning systems allow fusion of various imaging
modalities to provide further imaging information.

Needle positions are chosen prior to their insertion in
the form of a pre-plan; typically, anywhere between 12
and 20 needles will be needed to cover prostate gland
volumes of 25–60 cm3, and the exact needle configuration
will depend on the individual prostate anatomy. In order
to ensure coverage of the base of the prostate, the needles
are overinserted and therefore pushed beyond the
prostate base, typically to a fixed depth (1.2–2.0 cm
beyond the prostate base). Source positions and source
dwell times (length of time the source remains at the

Figure 1. Idealised cell survival curves of a tissue with a low a/b
ratio (solid line) and one with a high a/b ratio (dashed). A
higher dose per fraction or high dose rate (HDR) brachytherapy
will result in lower cell survival for tissues with a lower a/b ratio.

Table 1. Comparison of biologically equivalent doses (BEDs) as total doses at 2 Gy per fraction for different dose fractionation
regimens

Dose schedule BED10 (early responding tissues) BED1.5 (late responding tissue/prostate cancer)

EBRT alone schedule (hypofractionation)
55 Gy in 20 daily fractions 70.1 155.8
EBRT+HDR brachytherapy boost
44 Gy in 22 daily fractions 52.8 102.7
17 Gy in two fractions 31.5 113.3
Total dose 84.3 216.0
EBRT alone schedule (conventional)
74 Gy in 37 daily fractions 87.3 162.8

EBRT, external beam radiation therapy; HDR, high dose rate.
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dwell position) are determined using inverse planning
algorithms to provide an optimal dose distribution to the
prostate gland while minimising the dose to critical
structures such as the bladder, urethra and rectum, as
shown in Figure 2b.

Under ultrasound guidance each needle is tracked into
the planning system during insertion, and therefore any
deviations from the pre-planned ideal paths are mod-
elled appropriately. When all of the needles have been
tracked and their true locations entered into the planning
system, source positions and source dwell times are
recalculated and modified when necessary.

This information is then transferred to the remote
afterloader, which delivers the source to the appropriate
needles in turn, for the dwell positions and dwell times
determined in the live plan.

A key benefit of this method over LDR prostate
brachytherapy is its flexibility. Under real-time ultra-
sound guidance dwell positions and dwell times can be
modified to provide truly precise, dynamic, real-time
image-guided brachytherapy, suggesting that HDR
prostate brachytherapy offers improved dose distribu-
tions and better dosimetric selectivity while sparing
critical structures.

Evidence for the efficacy of high dose rate
brachytherapy boost

The use of HDR brachytherapy as a boost to EBRT is
now well established, with studies reporting durable 10-
year freedom from biochemical failure in excess of 60%
for high-risk groups and more favourable results for low-
and intermediate-risk prostate cancer (Table 3). This is
especially encouraging if these results are compared with
historical data of using whole pelvic EBRT and hormonal
treatment, as carried out in the Radiation Therapy
Oncology Group trial RTOG 9413, for essentially inter-
mediate- to high-risk prostate cancer (patients having a
lymph node risk of .15%) in which progression-free
survival does not reach beyond 50% at 10 years [30].

Two randomised trials have helped to establish the
superiority of HDR brachytherapy boost over EBRT
alone. In the randomised study by Kestin et al [31], the
overall 5-year actuarial survival with HDR brachyther-
apy plus EBRT was 86%, compared with 54% with EBRT
alone (p,0.001). In the trial by the Mount Vernon Group
[32], 220 patients were randomised to receive either
EBRT alone (55 Gy over 20 fractions) or a hypofractio-
nated EBRT schedule (35.75 Gy over 13 fractions during
2.5 weeks) together with an HDR boost (17 Gy over 2
fractions during 24 h). The trial was stratified for
important prognostic parameters, including tumour
stage, presenting PSA, Gleason score and use of adjuvant
hormonal therapy. With a median follow-up of 30
months (range 3–91) a significant improvement in
actuarial biochemical relapse-free survival was seen in
favour of the combined brachytherapy schedule (p50.03)
[32]. These randomised trials support the outcome data
from a number of case series with 5-year overall survival
figures of 85–95% [33–35], and 1 reporting a 10-year
overall survival of 65% [33].

A wide range of HDR and fractionation schedules
have been published [33, 34, 36–47] (Table 3). Typically,
1–4 fractions are usually combined with EBRT at a dose
of 36–54 Gy, either with a single implant or with 2

Table 2. Risk groups for localised prostate cancer

Parameter Low risk Intermediate risk High risk

Tumour stage T1–T2a and T2b–T2c or T3a or
Gleason score 2–6 and 7 or 8–10 or
Pre-treatment PSA #10 ng ml–1 10–20 ng ml–1 .20 ng ml–1

PSA, prostate-specific antigen.

Figure 2. (a) Needle insertion is carried out via transperineal
implantation under ultrasound guidance. (b) Typical high
dose rate dose distribution.
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implants separated by 1–2 weeks. From a review of the
published literature, the median reported total bra-
chytherapy dose is 20 Gy over 2 fractions, and the
median external beam dose is 45 Gy. There is an
increasing trend, however, for logistical reasons to use
a single implant of 12.5–15.0 Gy, which has a comparable
efficacy [4, 48].

In a more recent systematic review on radiotherapy
for prostate cancer, Pieters et al [49] looked at over 40
studies using dose-escalated EBRT alone or EBRT
combined either with radioactive seeds (LDR) or with
HDR brachytherapy. Using the pooled data of this meta-
analysis and accepting the limitations of different
definitions of biochemical failure, the combination of
EBRT and HDR brachytherapy seemed more favourable
in terms of both biochemical control and overall survival,
probably because of the higher doses of radiation
delivered to the prostate with the HDR.

The safety profile

Just as there is evidence supporting the efficacy of
combined modality treatment using an HDR boost, there
are also reasonable data to suggest that it has an
acceptable toxicity profile compared with that of EBRT
alone [31, 34–38, 41, 43, 44, 46, 47, 50–62] (Table 4).

Figure 3 shows the median late toxicity rates of the
studies listed in Table 4. The median grade $3 genitour-
inary toxicity was 4.5% [range 0–14.4%; standard deviation
(SD) 3.795], and grade $3 gastrointestinal toxicity was
0.5% (range 0–4.1%; SD 1.304). The rates of chronic urinary
incontinence ranged from ,1% to 3.8% without a previous
TURP [35, 37, 46, 54, 61], which increased to 15.8–29.0% if
patients had previous history of TURP [36, 38]. When it
was reported separately from other urological complica-
tions, the urethral stricture rate following HDR bra-
chytherapy varied between 0.9% and 7.4% (median
4.5%), with a median time to occurrence of 2–4 years
following completion of treatment [34, 44, 53, 58].

The potency rates following HDR brachytherapy are
variable, reflecting the non-standardised definitions used
to measure potency outcome across studies, and also
compounded by androgen deprivation. The rates varied
from 10% to 51% (median 31.5%), as shown in Table 4.
The median time to occurrence was 0.9 years (range 0–6
years) [31, 44]. Robinson et al [63] looked at the rates of
erectile function after treatment of localised prostate
cancer from 54 studies in a meta-analysis. They predicted
a probability of erectile dysfunction of 24% when
brachytherapy was used alone, which was significantly
lower than HDR boost after EBRT (40%), EBRT alone
(45%), nerve sparing (66%) and standard radical prosta-
tectomy (75%) and cryotherapy (87%) [63].

Table 3. Summary of studies showing freedom from biochemical relapse after high dose rate (HDR) brachytherapy combined
with external beam radiotherapy (EBRT), according to risk group

Reference Dose schedule
No. of
patients

Low risk
(%)

Intermediate
risk (%)

High
risk (%)

End point
(years)

Aström et al [34] EBRT: 50 Gy @ 2 Gy per fraction 214 100 100 86 4
HDR: 2610 Gy per fraction

Flynn et al [38] NAHT: 86% 674 97 92 72 5
EBRT: 45 Gy @ 1.8 Gy per fraction
HDR: 15.5–21.0 Gy in 3 or 4 fractions

Galalae et al [33] EBRT: 45.6250.0Gy @ 1.8–2.0Gy per fraction 611 96 88 69 5
HDR: BED 79.6–123.0 Gy

Galalae et al [39] NAHT: 0% 324 – 85 81 5
BED: ,94 Gy vs .94 Gy

Guix et al [41] EBRT: 46–66 Gy @ 2 Gy per fraction 445 – 95 94 5
HDR: 265–8 Gy

Izard et al [43] NAHT: median 6 months 165 100 95 67 5
EBRT: 45.0–59.4 Gy @ 1.8Gy per fraction
PDR BRT: 18 Gy in 3 fractions

Martinez et al [44] NAHT: no 207 – 85 75 5
HDR: 5.5–11.5 Gy per fraction

Phan et al [46] NAHT: 36% 309 100 100 97 5
EBRT: 36.0–50.4 @ 1.8–2.0Gy per fraction
HDR: 22–24 Gy

Yamada et al [47] EBRT: 45.0–50.4Gy @ 1.8Gy per fraction 105 100 98 92 5
HDR: 5.5–7.0Gy in single fraction

Pellizzon et al [45] EBRT: 45 Gy median 209 91 90 89 5
HDR: 20 Gy median

Agoston et al [36] EBRT: 60 Gy median 280 – 84 82 5
HDR: 10 Gy in single fraction

Demanes et al [37] NAHT: no 209 93 82 62 10
EBRT: 36 Gy @ 1.8 Gy per fraction
HDR: 22–24 Gy in 4 fractions

Ghilezan et al [40] NAHT: 43% 1577 – 88 74 10
EBRT: 40 Gy median
HDR: 24 Gy median

Hasan et al [42] 886 98 92 71 10

BED, biologically equivalent dose; NAHT, neoadjuvant hormone therapy; PDR, pulse dose rate brachytherapy.
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Quality of life

Urinary incontinence and erectile dysfunction are
recognised as common sequelae of radical prostatectomy
(RP) [64] and have been evaluated by using physician-
reported data. However, adverse urinary and sexual
health-related quality of life (HRQOL) effects are more
prevalent when using patient-reported data [65, 66].
Prospective assessment of post-treatment quality of life
(QOL) using a validated HRQOL questionnaire allows
the outcomes to be expressed in robust, valid summary
scores. Physician-reported data suggest that males
undergoing prostate brachytherapy are also prone to
urinary, bowel and sexual adverse effects. However, as
with RP, physician-reported morbidity may underesti-
mate adverse HRQOL effects when compared with
patient-reported data.

Crook et al [67] assessed the HRQOL at a mean of
5.3 years for 168 males who were treated with RP
or brachytherapy. The response rate was 88.4%. There
was no difference in bowel or hormonal domains for RP
or brachytherapy, but patients treated with brachyther-
apy scored significantly better in urinary and sexual
domains and in patient satisfaction. Vordermark et al
[68] compared the effects of two modalities (3D-CRT
and HDR brachytherapy boost) on HRQOL using
EORTC Quality of Life Questionnaire (QLQ-C30) and
prostate-specific (PR25) modules with a median of 19
and 14 months after treatment, respectively. With
response rates over 90%, diarrhoea and insomnia scores
were significantly increased in both groups. In the PR25
module, scores of 3D-CRT and HDR boost patients for
urinary, bowel and treatment-related symptoms were
similar. The investigators concluded that dose escalation

Table 4. Summary of studies showing toxicity after high dose rate (HDR) brachytherapy combined with external beam
radiotherapy

Reference Sample size Genitourinary toxicity
Gastrointestinal
toxicity

Erectile
dysfunction

Follow-up
(months)

Borghede et al [50] n550 8% G3 0% G3 10% 45
Mate et al [58] n5104 6.7% urethral stricture
Kestin et al [31] n5161 5% G3, 0% G4 29% 36

4% urethral stricture
Syed et al [61] n5200 20% G3, 10% G4, late 2% G3 1.5% 30% 30

1.5% urethral stricture
,1% urinary incontinence

Deger et al [35] n5230 12.2% G3 and 4 1.7% recto-
urethral fistula

40
7.4% urethral strictures
3% G2–3 urinary incontinence

Galalae et al [52] n5144 2.3% G3 4.1% G3 96
Martinez et al [44] n5207 8% G3, 0% G4 0.5% G3, 0.5%

G4
51% 60

1.4% urethral stricture
Martin et al [56] n52004 5% G3 1% G3 32
Hiratsuka et al [53] n571 6% urethral structure 44
Aström et al [34] n5214 17% transient haematuria 0% G3 14% 48

7% urethral stricture
Demanes et al [37] n5209 6.7% G3, 1% G4 0% 33% 120

6.7% urethral stricture
3.8% urinary incontinence

Izard et al [43] n5165 3% G3, 1.4% G4 2.6% G3, 0% G4 39% 60
1.2% urinary incontinence

Yamada et al [47] n5105 47% 60
Chin et al [51] n565 4.6% G3 0% 42

6.2% G3, 1.5% G4
4.6% urethral stricture

Flynn et al [38] n5674 2.5% and 15.8% urinary incontinence
without and with previous TURP

0% 35% at 1 year,
40% at 2 years

60

Guix et al [41] n5445 17.2% G2 21.6% G2 60
Phan et al [46] n5309 4% G3 1% G3 38% 60

1% urinary incontinence
4.5% urethral stricture

Rades et al [59] n541 No G3 early or late toxicity 24–35%
Kalkner et al [55] n5154 4% G3 1% G3 72
Sato et al [60] n553 0% G2 3.8% G2 22.6% 60
Zwahlen et al [62] n5196 7.1% G3 0% G3 66

No G4 toxicity
Hsu et al [54] n5112 2.6% G3 3.6% G3 27.7% 30

0.9% urethral stricture
0.9% urinary incontinence

Martinez et al [57] n5472 2–3% G3 ,0.5% G3 120
Agoston et al [36] n5280 14.4% G3 2.1% G3 60

29.1% G3 previous TURP

G, grade; TURP, transurethral resection of prostate.
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in prostate cancer by either 3D-CRT or HDR brachyther-
apy boost appears to result in similar HRQOL profiles.

Galalae et al [69] reported HRQOL outcomes 6.5 years
after whole pelvic radiotherapy followed by HDR
brachytherapy boost and found that this treatment
regime was both well tolerated and curative, as indicated
by patient-administered questionnaires. All scores sug-
gested excellent QOL levels similar to patients’ baseline
before therapy.

Future directions for high dose rate prostate
brachytherapy

The radiobiological advantage of delivering a HDR per
fraction to the prostate while sparing the rectum and
bladder, together with the ability to make real-time
adjustments to both source positioning and dwell times
of the radioactive sources thereby allowing for optimal
dose distribution, has led to interest in other indications
in which HDR prostate brachytherapy might be applied.
One of the main practical attractions of HDR over EBRT
is the shorter treatment times, and thus more recent work
has focused on HDR monotherapy. This has been
predominantly applied for more favourable intermedi-
ate- and low-risk disease, in which LDR has been well
established. Such treatment requires multiple fractions/
implants, typically given over 2–3 days, with some
centres also repeating the implant 1–2 weeks later. Thus,
although the number of hospital visits is lower than with
EBRT, they are more intense and require inpatient stay.
While the results are not as mature as with HDR boost,
monotherapy studies have reported freedom from
biochemical relapse rates of 89–100% in low- and
intermediate-risk patients, which compare favourably
with findings with LDR brachytherapy [70–76]. At
present this approach is not recommended routinely,
but should the long-term outcome data become favour-
able, this will undoubtedly help to establish HDR
monotherapy as a credible option for localised prostate
patients.

There is recognition that approximately 25% of all
patients failing EBRT will have recurrent disease confined
to the prostate [77]. These patients are normally candi-
dates for local salvage therapies, such as cryoablation and
high-intensity focused ultrasound, which were designed
to replace salvage prostatectomy because of its adverse
toxicity profile and the technical difficulty in removing the
prostate after EBRT. Although these techniques have
shown promising figures for biochemical control [78], all
are still associated with high risks of urinary incontinence,
erectile dysfunction and recto-urethral fistula [79, 80].
LDR brachytherapy has also been used in this setting,
producing similar biochemical progression-free survival
data, but again is not without urinary and rectal
complications [81]. In addition, notable limitations of
LDR in this setting include the inability to reliably implant
the seminal vesicles or allow for extracapsular extension,
the inability to reposition seeds once implanted and
variable seed migration [82, 83].

HDR can potentially overcome these limitations, and
in particular decrease the dose to the urethra (the dose-
limiting structure for LDR) while maintaining adequate
coverage to the prostate. Although it is technically more
difficult to implant a smaller prostate gland in which
there is already fibrosis from previous EBRT, there are
emerging data that show early promise with better
biochemical control and decreased toxicity than cryo-
therapy or LDR [84].

The development of stereotactic radiotherapy using
CyberKnife technology is based on the principles of HDR
brachytherapy (virtual HDR), aiming to deliver high
doses per fraction (typically five or fewer outpatient visits)
and utilising continuous image guidance to automatically
track, detect and correct for intrafraction prostate move-
ment [85]. It is an attractive option and is steadily gaining
momentum as it is non-invasive (although fiducial
markers for image guidance are mandatory) and does
not require transperineal catheters, the requirement of a
urinary catheter or hospital admission. While CyberKnife
radiosurgery has the ability to recapitulate HDR dosime-
try [86], it is important to note, however, that at present
there are no durable outcome data, with relatively few
centres in the UK able to provide this service. Given the
tight ‘‘surgical’’ therapeutic margin associated with its
use, it is not recommended for more advanced disease
such as extracapsular extension [85, 87] or seminal vesicle
involvement, and at present the data are extrapolated
mainly from the experiences of HDR to justify its use in
the context of a boost treatment. In addition, the risk of
secondary malignancy as a result of the multiple external
beams used remains unknown, but is theoretically likely
to be of more concern than with HDR.

The outlook for HDR prostate brachytherapy remains
promising. Based on the premise of exploiting the low a/b
ratio of prostate cancer and the high conformality associated
with delivering radiation from within makes this an
appealing option, especially in the context of safe dose
escalation. The continuing improvements in image gui-
dance and the flexibility of real-time planning will allow
much greater precision in dosimetry without the need for
taking into account, or tracking for, prostate motion. Its
development as monotherapy and in the salvage setting
means that this will be an invaluable tool in the armamen-
tarium for the radiation treatment of prostate cancer.

Figure 3. Toxicity profile of high dose rate brachytherapy
boost from the studies listed in Table 4. G3, grade 3; GI,
gastrointestinal; GU, genitourinary.
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