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High dose rate brachytherapy for
prostate cancer: Current techniques
and applications to varying disease
presentations

Daniel J. Krauss, MD

igh dose rate (HDR) brachy-
cherapy has been an option for

managing localized prostate
cancer since the early 1990s. Several
features of this treatment approach
make it attractive to both patients and
clinicians. First, the convenience of
brachytherapy in general —namely,
the potential to significantly shorten
or eliminate the need for daily exter-
nal-beam radiation therapy (EBRT)
treatment visits that may extend up
to 2 months —holds appeal to many
younger, healthy, active patients look-
ing to definitively address their disease
with minimal disruption to their daily
routine. Prostate brachytherapy options
include permanent prostate seed im-
plant, or low dose rate (LDR), brachy-
therapy and temporary prostate implant,
more commonly called HDR brachy-
therapy. Both types of brachytherapy
are safe and effective across a range of
clinical presentations of prostate cancer

Dr. Krauss is an associate professor of
radiation oncology, Oakland University
William Beaumont School of Medicine,

Royal Oak, MI.

and have been applied relatively consis-
tently. Each may be used as definitive
therapy, as is commonly the case for
men with more indolent prostate can-
cers, or in conjunction with an abbre-
viated course of pelvic EBRT for men
with more aggressive disease presenta-
tions.

Relative to LDR, or permanent seed,
brachytherapy, HDR offers several ad-
vantages including: no patient-specific
radiation precautions having to be im-
plemented as patients are not radioac-
tive following treatment completion;
decreased radiation exposure to clinical
staff and the general public; increased
clinical control over dose administra-
tion; and exploitation of the perceived
sensitivity of prostate cancer to large,
individual fractional doses!? of radia-
tion in contrast to the gradual deposi-
tion of dose over many months, as is
the case with permanent seed implants.
Each of these factors holds potential ap-
peal to clinicians and patients and has
contributed to heightened implemen-
tation of HDR brachytherapy over the
past 20-plus years.

No direct clinical evidence exists sup-
porting HDR brachytherapy’s superior-
ity over LDR (or vice versa) in terms of
improved tumor control or reduced tox-
icity as there has never been a prospec-
tive, randomized comparison between
the approaches. There are, however,
several disadvantages to prostate HDR
brachytherapy that may make it less ap-
pealing to practitioners depending on a
given practice infrastructure, personnel
availability, and time constraints. First,
LDR procedures use low-energy radia-
tion sources, most commonly iodine 125
(1) or palladium 103 ('*Pd). As such,
these procedures require minimal source
shielding, can be handled directly by
clinical staff, and may be placed in a stan-
dard operating room. Iridium 192 (*?Ir),
the most common HDR brachytherapy
source, is high energy and requires a
shielded vault for treatment. Logistically,
this necessitates that interstitial implant
procedures be performed in a shielded
operating room and, if not available, that
the interstitial implant will be left in the
patient while he is moved for treatment
planning and administration procedures.
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FIGURE 1. Clinical dosimetry of ultrasound-based (A) and CT-based (B) high dose rate

(HDR) brachytherapy planning.

This increases time demands on physi-
cians and ancillary clinical staff, and
poses additional workflow challenges re-
garding anesthesia and quality assurance
steps to minimize risks of implant dis-
placement as patients are moved. Lastly
is the Nuclear Regulatory Commission
requirement that the treating radiation
oncologist be physically present for treat-
ment administration, which further in-
creases the physician’s time commitment.

Despite logistical challenges, the
clinical advantages have held sufficient
appeal to physicians and patients, such
that it is becoming increasingly offered
to patients as a viable treatment option
for prostate cancer. Its safety and effi-
cacy have been documented in multiple

large prospective and retrospective in-
stitutional series, and ongoing investi-
gation continues to streamline treatment
approaches, bolstering convenience for
radiation oncology departments and im-
proving patient accessibility.

Patient Selection and Technical
Description

Successful implementation of HDR
brachytherapy for prostate cancer be-
gins with appropriate patient selection.
Anatomic factors lending to successful
HDR treatment are as follows: pros-
tate volume of approximately 20-60
cc (glands outside this range may still
be considered for treatment); a central/
straight urethral position that can be

SA-CME (see page 5)

adequately avoided during transperi-
neal needle implant; absence of sig-
nificant benign prostatic hypertrophy/
median lobe or transurethral resec-
tion of the prostate (TURP) defect at
the prostate base; adequate spacing
between the prostate and rectum; and
adequate pubic arch width to avoid
interference with needle placement.
Clinical factors include general risks
of both anesthesia and elective surgical
procedures (the latter of which include
comorbidities such as diabetes, cardio-
pulmonary factors, coagulopathy, etc.).
Careful attention must be paid to base-
line urinary function. Brachytherapy is
not a good treatment option for patients
with significant baseline obstructive
uropathy. Risks for significant obstruc-
tive complications of brachytherapy
increase substantially in such patients,
and our practice typically will exclude
patients with a baseline American Uro-
logic Association (AUA) symptom
score > 15 if already on medication, or
> 20 if previously untreated for obstruc-
tive symptoms.* Any of these factors
are relative contraindications to per-
forming HDR brachytherapy and the
treating physician should consider them
on a patient-by-patient basis, weighing
risks and benefits.

HDR brachytherapy procedures all
begin with a transrectal ultrasound-
guided transperineal implant of the
prostate gland. A typical implant will
consist of 15-20 needles placed sym-
metrically throughout the prostate,
after which image-based dosimetric
planning will be performed. Dosimetry
may be calculated by images acquired
directly on the transrectal ultrasonog-
raphy (TRUS) unit used for needle im-
plantation, computed tomography (CT)
scan, or even MRI. Ideally, coverage
of the prostate gland with the prescrip-
tion isodose should exceed 95% of its
volume (V100 > 95%). Typical dose
heterogeneity tolerances are as follows:
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volume of prostate receiving 125% and
150% of the prescription dose (V125
and V150, respectively) should be <
60% and < 30%, respectively. Ideally,
efforts should be made to avoid “hot
spots” in the urethra, typically keeping
< 5% of the urethra under 110% of the
prescribed dose. Maximum dose to 1 cc
of the rectum dose should not exceed
75% of the dose prescribed. Although
typically not quantified for ultrasound-
planned cases, a similar bladder con-
straint of < 1 cc receiving 75% of the
prescription dose is typically applied for
CT-based dosimetry. Figure 1 shows
representations of an ultrasound- and
CT-planned case.

Advantages and disadvantages are as-
sociated with each approach, and none
have been shown to be clinically supe-
rior. Advantages to ultrasound-based
planning include precise visualization of
the prostate capsule and, should the in-
frastructure exist for a shielded operating
room, the potential to complete an entire
brachytherapy treatment administration
without having to move the patient from
the time of needle placement to dose de-
livery. CT-based dosimetry affords the
opportunity for more precise anatomic
quantification of bladder and rectal doses
but requires that patients be moved mul-
tiple times to complete imaging stud-
ies and then returned to the shielded
treatment room for treatment delivery.
MRI is being used for dose planning in
selected centers and, while providing
unequivocally the highest image quality
for dose planning, presents additional
challenges regarding MR compatibility
of the prostate implant and any necessary
anesthesia equipment needed while the
implant is in place.*>

Once treatment planning is complete,
the interstitial needles are connected to
a remote afterloader that will deliver
the radiation dose through each needle
via an '?Ir source. Depending on pros-
tate size, dose prescribed, activity of the
source, etc., treatment delivery is usu-
ally completed in 15-25 minutes. The

implant may then be removed from the
patient if the treatment given is the final
prescribed fraction or secured for deliv-
ery of subsequent treatment fractions.
Interfraction treatment interval should
generally exceed a minimum of 6 hours.

HDR in Conjunction with
External Beam

When first used for prostate cancer,
HDR brachytherapy was predominantly
implemented to boost the prostate as an
adjunct to pelvic EBRT. This was con-
sidered particularly advantageous when
first being used given the contemporary
EBRT doses of 66-70 Gy that were con-
sidered standard at the time. Several
single-institution experiences reported
on the safety and efficacy of such treat-
ment, and a prospective, randomized
trial published by Hoskin et al® demon-
strated superior biochemical control in
patients receiving HDR brachytherapy
boost treatment relative to those pa-
tients treated with EBRT alone.

Biological analyses of responses to
changes in HDR dosing/fractionation
suggested a high sensitivity of prostate
cancer cells to increasing fractional
doses. That is, prostate cancer has a low
alpha-beta ratio, and biologically equiv-
alent dose (BED), it was found, could
be dramatically increased through rela-
tively small increases in HDR fraction
size. In fact, evidence of dose response
in terms of enhanced biochemical con-
trol was demonstrated across a range of
HDR fractionation regimens increasing
progressively from as low as 550 cGy
x 3 fractions up to 1150 cGy x 2 frac-
tions.” More recently, HDR boost regi-
mens given in a single fraction of 1500
cGy (usually in the context of ~45 Gy
given to the pelvis via EBRT)® has
gained favor and is the recommended
dosing in the most recent open Radia-
tion Therapy Oncology Group protocol
(RTOG 0924) to allow HDR brachy-
therapy as a boost.

Despite the randomized evidence
from Hoskin et al, a lack of evidence

remains that conclusively supports the
benefits of the combined approach of
EBRT with HDR brachytherapy over
contemporary, dose-escalated EBRT
alone. Namely, a significant criticism of
the Hoskin randomized trial has been,
and remains, that the EBRT dose (55
Gy in 20 fractions) would be considered
substandard in light of multiple ran-
domized trials demonstrating biochemi-
cal control advantages for EBRT doses
of 78-80 Gy.!%!2 Nonetheless, out-
comes from that study revealed signifi-
cantly improved median time to relapse
of 116 months vs. 74 months favoring
the group receiving HDR brachyther-
apy; this was despite a relatively modest
HDR boost dose level of 8.5 Gy x 2.

Just recently, however, the AS-
CENDE-RT (Androgen Suppression
Combined with Elective Nodal and Dose
Escalated Radiation Therapy) prospec-
tive randomized trial has delivered cor-
roborating evidence that adding LDR
brachytherapy to pelvic EBRT improves
biochemical control compared to men
receiving 78 Gy EBRT alone for men
with intermediate- or high-risk prostate
cancer." In that study, patients receiv-
ing EBRT alone were twice as likely to
experience biochemical failure as those
receiving an LDR brachytherapy boost
(9-year biochemical control 83% vs.
62%; p < 0.001). The improvement in
biochemical control did, however, come
at a cost of increased toxicity. Five-year
rates of grade 3 genitourinary (GU) tox-
icity were 18.4% for the brachytherapy
patients compared to 5.2% for the dose-
escalated EBRT patients, and 5-year
grade 3 GI toxicity rates were 8.1% vs.
3.2%, respectively, for the brachyther-
apy boost vs. EBRT alone patients.'*

No prospective, randomized compar-
isons support a biochemical or clinical
disease control advantage for patients
receiving HDR brachytherapy over
contemporary, dose-escalated EBRT.
However, single-institution experi-
ences have reported favorable disease
control rates comparable to those in the
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Table 1. Biological Equivalence Doses to 2 Gy Fraction Sizes
(BED2%) for Variable o/ Ratio Assumptions

Fractionation al =1.5Gy a/f =3.0Gy alf =5Gy
7.25Gy x 6 108.8 Gy 89.0 Gy 76.1 Gy

9.5Gy x4 119.4 Gy 94.8 Gy 78.7 Gy

12Gy x 2 92.6 Gy 71.9 Gy 58.3 Gy
13.5Gy x 2 115.7 Gy 89.1 71.4 Gy

19Gy x 1 111.3 Gy 83.6 65.1 Gy

21 Gy x 1 135.0 Gy 100.8 78.0 Gy

Based on the formula: BEDZGy= D x (1+d (a/B)) / (1+2/ (a/B)) ; D =total dose; d = dose per fraction.

ASCENDE-RT trial with more favor-
able toxicity profiles. In a series of 832
intermediate- and high-risk disease
patients treated with variable doses
of HDR brachytherapy boost in con-
junction with EBRT, Vigneault et al
reported chronic grade 3 GU toxicity
rates of 1.9-4.7% based on the dose lev-
els to which patients were treated, and
there was no reported acute or chronic
grade 3 GI toxicity."> Biochemical con-
trol was approximately 95%. Martinez
et al reported on the benefits of dose
escalation using HDR brachytherapy as
a boost. For the 472 patients described,
chronic grade 3 GU toxicity rates were
approximately 1% while reporting fa-
vorable 10-year biochemical control
of approximately 81% for patients
treated to high dose levels.” Yaxley et
al reported 10-year biochemical control
rates of 87% and 56% for intermedi-
ate- and high-risk patients, respectively,
while showing that urethral stricture
rate can be markedly reduced through
careful attention to dose heterogene-
ity constraints, control for needle dis-
placement prior to HDR treatment, and
tighter inferior PTV margins during the
EBRT portion of therapy.'®

Finally, although a detailed discus-
sion of androgen suppression is beyond
the scope of this review, it should be

mentioned that despite the aggressive
disease presentations addressed with
HDR boost therapy, the benefits of an-
drogen suppression in the context of
such treatment appears to be minimized
or even absent.!”!® To be clear, the role
for androgen suppression has never
been tested in prospective randomized
fashion for HDR boost patients as it has
for patients receiving EBRT treatment.
Although this issue warrants additional
consideration going forward, current
standard practice, in this author’s opin-
ion, includes the administration of an-
drogen suppression with HDR boost for
patients with high-risk disease features.

HDR Brachytherapy as Monotherapy
For patients with more favorable pre-
senting disease characteristics, HDR
brachytherapy alone (no EBRT) may
be used as definitive local therapy for
men with low- or favorable interme-
diate-risk disease. This treatment ap-
proach holds great appeal as treatment
may be completed typically in 1 or, at
most, 2 minimally invasive, outpatient
procedures with no daily attendance
requirement for external beam adminis-
tration. Recent updates of large, single-
institution experiences have revealed
highly favorable disease control rates
across a range of treatment techniques

SA-CME (see page 5)

and fractionation regimens. Addition-
ally, toxicity rates have proven highly
favorable and, most notably, with op-
timal techniques and the elimination
of supplementary EBRT, rectal tox-
icity rates grade > 2 are remarkably
low. Using HDR as monotherapy for
favorable and intermediate-risk pros-
tate cancer requires a greater level of
technical/planning expertise to ensure
adequate target coverage relative to its
use as a boost adjunct to pelvic external
beam treatment. As such, HDR used as
monotherapy has been considered in-
vestigational in published guidelines
by both the American Brachytherapy
Society'” and the Groupe Européen de
Curiethérapie (GEC) and the European
Society for Radiotherapy & Oncol-
ogy (ESTRO).? The most recent publi-
cation of these guidelines, however, are
4-5 years old, and since that time, mul-
tiple large, single-institution experiences
have described highly favorable out-
comes for this approach. As such, it has
gained favor in the hands of experienced
practitioners as a standard option for pa-
tients with favorable or intermediate-risk
prostate cancer.

A variety of dosing/fractionation regi-
mens have been explored and reported
on previously: 950 cGy x 4, 1200 cGy x
2, 1350 cGy x 2, 700 cGy x 6, 725 cGy
x6,6Gyx8,6Gyx9,and 6.5Gy x 7
with similarly high biological equiva-
lence to standard 2-Gy treatment frac-
tions as shown in Table 1. William
Beaumont Hospital compared treatment
toxicity and outcomes of 494 low- and
intermediate-risk patients treated with 1
of 3 dosing regimens: 950 cGy x 4, 1200
cGy x 2, and 1350 cGy x 2. Five-year
biochemical control rates were 97%,
87%, and 93%, respectively, with no
statistically significant differences ap-
preciated between the treatment arms.?!
Of note, a significantly higher percent-
age of patients treated with the 950
cGy x 4 fractions regimen was consid-
ered NCCN (National Comprehensive
Cancer Network) low-risk relative to
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the 2-fraction dosing regimens exam-
ined. Chronic grade 3 urinary toxicity
rates were < 1% for all patients, and no
chronic grade > 3 GI toxicities were re-
ported. UCLA recently reported on a
similar cohort of 460 low- (64%) and
intermediate-risk (36%) prostate cancer
patients treated with HDR brachyther-
apy as monotherapy treated with doses
of 42-43.5 Gy delivered in 6 treatment
fractions over 2 implant procedures.
Kaplan-Meier estimates of biochemi-
cal control rates were excellent at 98.9%
for low-risk and 95.2% for intermediate-
risk patients at 10 years.?” No grade >3
rectal toxicity was reported, and chronic
grade >3 urinary toxicity was < 1%. Ad-
ditionally, Yoshioka et al reported out of
Japan favorable outcomes in a series of
190 patients with intermediate- (n = 79)
and high-risk (n = 111) prostate cancer
treated with combination androgen sup-
pression and HDR brachytherapy with-
out the addition of EBRT. Historically,
such patients would be offered HDR in
combination with EBRT, yet reported
outcomes were highly favorable. Using
variable multifraction dosing regimens
(6Gyx8;6Gyx9;0r6.5Gyx7)given
over 4-5 days, biochemical control rates
reported at 8 years were 91% and 77%,
respectively, for the intermediate- and
high-risk patient subsets.?* Similar to the
previously described series, late severe
toxicity was rare. Four grade 3 toxic-
ity events in the series were reported: 2
urinary (1 incidence of hematuria and 1
urinary tract obstruction) and 2 GI (sig-
moid colon perforation and urethrorec-
tal fistula).

As clinicians have grown more
comfortable with administering HDR
brachytherapy in definitive fashion
for prostate cancer, the management
trend has been to increase fractional
doses and decrease overall treatment
fractions. This has been evident as
common practice has trended from
4-6 fraction regimens down to 2. More
recently, this has been taken to the ex-
treme with several series reporting

outcomes of patients treated entirely
in a single HDR brachytherapy treat-
ment fraction. Hoskin et al was the
first to report outcomes of patients
treated with doses of 19 Gy or 20 Gy
in a single fraction.?* Despite relatively
favorable toxicity rates in this series,
an increased rate of catheter usage was
noted in the patients receiving 20 Gy
as compared to those receiving 19 Gy.
In a subsequent publication, patients
with more aggressive prostate cancers
(74% to 87% receiving supplemen-
tal androgen suppression) receiving
single-fraction HDR brachytherapy as
monotherapy were found to have simi-
lar long-term toxicity and biochemi-
cal control rates compared to patients
treated using a 2- or 3-fraction regimen
(13 Gy x 2; 10.5 Gy x 3).% A series of
60 patients treated with a single 19 Gy
HDR fraction reported by Prada et al
yielded highly favorable toxicity rates
with no acute or chronic > grade 2 uri-
nary toxicity reported.?® No significant
rectal toxicity was encountered either,
but unfavorable 6-year biochemi-
cal control rates of 66% and 60% for
low- and intermediate-risk patients,
respectively, must be considered. Wil-
liam Beaumont Hospital reported on
a series of 58 patients treated with 19
Gy in a single fraction. Again, toxic-
ity rates were highly favorable with
chronic grade 2 GU toxicity of 12%
and no grade 3 GU toxicity recorded.
Aside from an isolated incidence of
late grade 3 diarrhea requiring hos-
pitalization, no grade > 2 GI toxicity
was observed. Preliminary biochemi-
cal control (3 years) was reported at
93%.2" The highly favorable toxicity
profile and tolerability of single-frac-
tion HDR monotherapy have been cor-
roborated in a prospective randomized
comparison demonstrating no signifi-
cant increase in complication risks rel-
ative to a multifraction regimen of 13.5
Gy x 2. In fact, urinary toxicity was
slightly increased in the multifraction
arm during year 1, and single-fraction

treatment was associated with a lower
occurrence of > grade 2 erectile dys-
function.?®

Despite promising initial results in the
single-fraction experience, such treat-
ment remains investigational, and the
optimal single-fraction dosing regimen
continues to be investigated. Specifi-
cally, the 19 Gy single-fraction dose was
predicated on the assumption of the ex-
tremely low alpha-beta ratio for prostate
cancer (1.2-1.5 Gy). Evidence shows
that radioresponsiveness of prostate can-
cer may be heterogeneous and that cer-
tain cancers may, in fact, have alpha-beta
ratios that are higher.?® For such tumors,
19 Gy may prove to be an insufficient
dose (see Table 1), and continued evalu-
ation of the optimal single-fraction HDR
treatment approach is necessary.

Summary

HDR brachytherapy for prostate
cancer is an excellent treatment option
for selected patients seeking definitive
radiotherapeutic management. Use of
HDR as a boost for patients with ag-
gressive prostate cancer has been as-
sociated with high disease control rates
and favorable toxicity profiles. Based
on evidence, favored dosing regimens
would be either: HDR brachytherapy
21 Gy in 2 fractions (10.5 Gy per frac-
tion) or single fraction 15 Gy, typically
combined with 45-50 Gy in 1.8-2.0 Gy
fractions using external beam to the
prostate and seminal vesicles +/- pelvic
lymph nodes. Although not specifically
tested against dose-escalated EBRT
alone, potential advantages of brachy-
therapy added to EBRT in general are
strongly suggested by the results of the
ASCENDE-RT trial. Use of HDR as
monotherapy for patients with low- or
intermediate-risk prostate cancer is
supported by numerous large, single-
institution series reporting favorable
long-term biochemical control rates
with highly favorable toxicity profiles
and should be considered a standard
treatment option for such patients. As
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described, many dosing regimens would
be acceptable, with the current standard
approach at William Beaumont Hospi-
tal being 27 Gy delivered in 2 fractions
(13.5 Gy per fraction), generally deliv-
ered 2 weeks apart. Caution should be
exercised in omitting EBRT from the
management of patients with high-risk
disease features, as HDR monotherapy
data for this patient cohort is limited.
Single-fraction HDR brachytherapy
as monotherapy should be considered
investigational at this point and not of-
fered outside the context of a clinical
trial as long-term outcome data are lack-
ing and little empiric evidence regarding
optimal single-fraction doses exists.
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