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ABSTRACT

PURPOSE: The purpose of this guideline is to present evidence-based consensus recommenda-
tions for low dose rate (LDR) permanent seed brachytherapy for the primary treatment of prostate
cancer.

METHODS AND MATERIALS: The American Brachytherapy Society convened a task force for
addressing key questions concerning ultrasound-based LDR prostate brachytherapy for the primary
treatment of prostate cancer. A comprehensive literature search was conducted to identify prospec-
tive and multi-institutional retrospective studies involving LDR brachytherapy as monotherapy or
boost in combination with external beam radiation therapy with or without adjuvant androgen
deprivation therapy. Outcomes included disease control, toxicity, and quality of life.

RESULTS: LDR prostate brachytherapy monotherapy is an appropriate treatment option for low
risk and favorable intermediate risk disease. LDR brachytherapy boost in combination with exter-
nal beam radiation therapy is appropriate for unfavorable intermediate risk and high-risk disease.
Androgen deprivation therapy is recommended in unfavorable intermediate risk and high-risk dis-
ease. Acceptable radionuclides for LDR brachytherapy include iodine-125, palladium-103, and
cesium-131. Although brachytherapy monotherapy is associated with increased urinary obstruc-
tive and irritative symptoms that peak within the first 3 months after treatment, the median time
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toward symptom resolution is approximately 1 year for iodine-125 and 6 months for palladium-
103. Such symptoms can be mitigated with short-term use of alpha blockers. Combination therapy
is associated with worse urinary, bowel, and sexual symptoms than monotherapy. A prostate spe-
cific antigen <= 0.2 ng/mL at 4 years after LDR brachytherapy may be considered a biochemical

definition of cure.

CONCLUSIONS: LDR brachytherapy is a convenient, effective, and well-tolerated treatment
for prostate cancer. © 2021 The Authors. Published by Elsevier Inc. on behalf of Ameri-
can Brachytherapy Society. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Introduction

Low dose rate (LDR) prostate brachytherapy is a stan-
dard treatment option for the primary treatment of local-
ized prostate cancer. This treatment involves the inser-
tion of radionuclides (e.g. iodine-125 [I-125], palladium-
103 [Pd-103], or cesium-131 [Cs-131]) into the prostate
gland under transrectal ultrasound (TRUS) guidance
(Table 1). The delivered dose is determined by the half-life
and strength of the radionuclide. LDR prostate brachyther-
apy can be given as monotherapy, or as a boost in combi-
nation with external beam radiation therapy (EBRT).

The American Brachytherapy Society (ABS) has previ-
ously published guidelines for LDR prostate brachytherapy
in 1999 (1) and 2012 (2). The current consensus provides
recommendations and statements for the primary treatment
of localized prostate cancer based on key questions, while
grading the quality of underlying evidence for each recom-
mendation from a systemic review of the literature. Fur-
thermore, these recommendations incorporate 4-tiered Na-
tional Cancer Center Network (NCCN) guidelines (3), in
which intermediate risk disease (clinical T2b-T2c, Glea-
son 7, prostate specific antigen (PSA) 10-20 ng/mL)) is
subdivided into favorable intermediate risk (FIR) and un-
favorable intermediate risk (UIR) (e.g. primary Gleason 4,
>50% positive biopsy cores, or two NCCN intermediate
risk factors) categories (4). This guideline is endorsed by
the ABS and the American Society for Radiation Oncol-

ogy.

Methods and materials
Process

The ABS Board of Directors initiated a process to up-
date the LDR prostate brachytherapy consensus in Febru-
ary 2019. The guidelines were developed utilizing the
framework of a formal systemic review-based consensus
methodology (5). Briefly, key questions that comprehen-
sively addressed disease control, toxicity, and quality of
life considerations for LDR brachytherapy were formu-
lated. A draft of consensus recommendations were re-
viewed by a smaller panel (M King, P Orio, M Keyes,

G Merrick, M Zelefsky, and B Davis). Modified rec-
ommendations were then circulated to a larger consen-
sus group. Members of this group rated their level of
agreement with the recommendation, with a minimum
threshold of 70% as required for consensus. The con-
sensus recommendations were then reviewed and finalized
(Table 2).

Key questions one through seven were based on sys-
temic review. The outcomes of interest include disease
control outcomes (biochemical progression free survival
[bPES], metastasis free survival [MFS], prostate cancer
specific mortality [PCSM], and overall survival [OS]),
physician-assigned toxicity, and patient reported quality-
of-life. The patient population of interest included patients
undergoing primary treatment for NCCN-defined low, in-
termediate, or high-risk prostate cancer. The intervention
is LDR prostate brachytherapy. The comparator groups
are alternative modalities (i.e. radical prostatectomy, EBRT,
high dose rate [HDR] brachytherapy, and stereotactic body
radiation therapy [SBRT]).

Regarding the systemic review, we (M King and P
Orio) conducted a keyword search in MEDLINE, PubMed,
and clinicaltrials.gov of all abstracts containing keywords
of “prostate” and ‘“brachytherapy” until June 2019. This
yielded 5808 abstracts. We also identified 10 additional
abstracts or publications not included in the initial search
(Table A.1) that detailed randomized controlled trials (8),
and recently published multi-institutional studies (2), that
were deemed of high clinical importance for the practice
of LDR brachytherapy. After reviewing abstracts, we in-
cluded: (1) prospective randomized controlled trials involv-
ing LDR brachytherapy, (2) prospective or retrospective
multi-institutional studies, with brachytherapy performed
across multiple institutions, and (3) prospective single in-
stitutional studies involving Cs-131, due to the lack of
published randomized data. All non-randomized studies
must have contained >100 patients with >1 year followup
for quality-of-life endpoints, or >3-year followup for dis-
ease control outcome endpoints. We identified 123 pub-
lications for full-text review, and ultimately included 68
studies in this systemic review (see Fig. A.l1). For each
clinical question, the strength of recommendation (weak,
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Table 1
Radionuclides for permanent prostate brachytherapy
Half-life Average Year Typical monotherapy  Suggested monotherapy Suggested combination therapy
(day) energy (keV) introduced  seed strength (U) dose (Gy) dose
Brachytherapy EBRT (Gy)
(Gy)
Todine-125 59.4 28.4 1965 0.4-0.8 144-145 108-110 41.4-50.4
Palladium-103  17.0 20.7 1986 1.5-3.0 125 90-100 41.4-50.4
Cesium-131 9.7 30.4 2004 1.6-2.5 115 85 41.4-50.4

Abbreviations: EBRT =external beam radiation therapy

Table 2
Guideline recommendations for key questions (KQ) based on systemic review

Guideline recommendation Strength of recommendation Strength of evidence

KQ1: Which patients are appropriate candidates for brachytherapy monotherapy?

Low risk disease for patients declining active surveillance Strong High
Favorable intermediate risk disease Strong High
Select unfavorable intermediate risk disease (single unfavorable intermediate risk Weak Moderate

factor) and organ-confined disease on magnetic resonance imaging (MRI).
KQ2: Which patients are appropriate candidates for brachytherapy boost in combination with external beam radiation therapy?

Unfavorable intermediate risk disease Strong High

High risk disease Strong High
KQ3: What are the roles of androgen deprivation therapy with brachytherapy?

Improving disease control outcomes for unfavorable intermediate risk and high-risk ~ Strong High

disease

Prostate cytoreduction for low or favorable intermediate risk disease Weak High
KQ4: Which radionuclides can be used for LDR brachytherapy?

1-125 Strong High

Pd-103 Strong High

Cs-131 Strong High
KQS5: What late toxicities are associated with brachytherapy?

Brachytherapy monotherapy is associated with low rates of late Grade 3+ Strong High

genitourinary and gastrointestinal toxicity.

Brachytherapy boost with EBRT is associated with greater risks of the late Strong High

Grade 34 genitourinary toxicity compared with brachytherapy or EBRT

monotherapy.
KQ6: What are quality of life concerns for patients undergoing brachytherapy?

Although brachytherapy is associated with increased urinary obstructive and Strong High

irritative symptoms that peak within the first 3 months after treatment, the median
time toward symptom resolution is approximately 1 year.
Brachytherapy boost with EBRT is associated with increased urinary, bowel, Strong High
and sexual symptoms compared with brachytherapy or EBRT monotherapy.
KQ7: What are strategies for improving quality of life after implant?

Alpha-blockers Strong High
KQ8: Which patients are appropriate candidates for prostate brachytherapy?*

Sufficient life expectancy (>10 years for low or intermediate risk disease, Strong Low

>5 years for high-risk disease)

Suitable prostate anatomy Strong Low

Adequate urinary function Strong Low
KQ9: How are brachytherapy plans evaluated?”

Pre-implant dosimetry Strong Low

Post-implant dosimetry Strong Moderate
KQ10: What type of seeds should be utilized for brachytherapy?*

Loose seeds Strong Low

Stranded seeds Strong Low

4 refers to key questions not included in the systemic review
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strong), and strength of evidence (low, moderate, high)
were graded based on previously published guidelines
(6).

Key clinical questions eight through ten are concerned
with patient eligibility and technical aspects of LDR
brachytherapy. Literature for these questions did not meet
criteria for the systemic review.

KQ1: Which patients are appropriate candidates for
brachytherapy monotherapy?

Brachytherapy monotherapy could be considered for pa-
tients with low-risk disease who decline active surveillance
and FIR disease. These recommendations are based on ran-
domized controlled trials and multi-institutional studies.

Randomized controlled trials: low and intermediate risk

Table A.2 lists randomized controlled trials involving
brachytherapy. For low-risk disease, there have been two
single institutional randomized trials authored by Giberti
et al., which reported no difference in bPFS between LDR
brachytherapy and radical prostatectomy at 5-years (7) and
2-years (8), respectively.

For predominantly intermediate risk disease, two ran-
domized trials compared brachytherapy monotherapy to
combination therapy. Radiation Therapy Oncology Group
(RTOG) 0232 randomized 588 patients with clinical Tlc-
T2b and either Gleason 6/PSA10-20 ng/dL or Glea-
son 7/PSA <10 ng/dL disease to either brachytherapy
monotherapy (I-125 145 Gy or Pd-103 125 Gy) versus
LDR (I-125 110 Gy or Pd-103 100 Gy) boost with EBRT
(45 Gy). Androgen deprivation therapy (ADT) utilization
was a stratification factor. The study was powered to ob-
serve a 10% increase in 5-year bPES for combination ther-
apy. As reported in abstract form, there was no difference
in 5-year bPFS between the monotherapy and combination
therapy (86% vs. 85%) at a median followup of 6.7 years
).

The 20/0 trial compared brachytherapy monotherapy
(Pd-103 125 Gy) versus EBRT (20 Gy) plus LDR boost
(Pd-103 115 Gy) for Gleason 7-9 disease and/or a PSA
of 10-20 ng/mL. The study was powered to observe a
15% difference in time-to-event survival, and 344 patients
were required. Although 471 patients were enrolled, clini-
cal outcomes could only be reported for 383 patients. Day
0 D90 was slightly greater in the EBRT 20 Gy arm (mean
122.0% vs. 118.2%, p < 0.001). At a median followup
of 5.0 years, there was no difference in 8-year biochem-
ical failure (3.6% vs. 2.1%). ADT utilization (9.2% vs.
5.9%) and D90 were not associated with biochemical fail-
ure. There were no prostate cancer deaths in either arm
(10).

These trials were developed before the NCCN subclas-
sification of intermediate risk disease into FIR and UIR
subgroups (3). A secondary analysis of the 20/0 trial in

combination with the 44/20 trial described below reported
that the dose of supplemental EBRT (0 vs. 20 vs. 44 Gy)
was not associated with biochemical failure or PCSM in
either FIR or UIR cohorts (11).

Multi-institutional outcomes: low and intermediate risk

Table A.3 lists multi-institutional prospective series in-
volving LDR brachytherapy. The single arm Phase II
prospective RTOG 9805 study enrolled 101 patients with
low-risk disease who were treated with I-125 monotherapy
(145 Gy). No patients received ADT. At a median followup
of 8.1 years among 94 eligible patients, the 8-year cumula-
tive incidences of biochemical failure and metastasis were
8% and 1.1%, respectively (12).

J-POPS was a prospective multi-institutional registry
study of 2354 patients with predominantly low and in-
termediate risk disease. Of the 1792 patients who received
brachytherapy monotherapy (+/- ADT), the 5-year bPFS
was 89.3% (13).

Table A.4 lists multiple multi-institutional retrospective
studies for predominantly low and intermediate risk dis-
ease. The importance of post-implant dosimetry is high-
lighted by a multi-institutional analysis by Zelefsky et al.
Of the 639 patients with available post-implant dosimetry,
a higher prostate D90 > 130 Gy for I-125 was associated
with improved 8-year bPFS (93% vs. 76%). Furthermore,
a prostate D90 > 115 Gy for Pd-103 was associated with
improved 5-year bPFS (92% vs. 83%)(14). Other studies
have shown that LDR brachytherapy has similar outcomes
compared to EBRT (15,16), SBRT (17) and radical prosta-
tectomy(18). In a series of 1816 patients who received
brachytherapy (93% monotherapy; 7% combination) with-
out ADT, Frank et al. reported a 5-year bPFS of 90.9%
that was better than nomogram-predicted outcomes (19). A
recent multi-institutional study from Berlin et al. reported
10-year incidences of distant metastases for FIR and UIR
prostate cancer of 3.5% versus 10.2% for brachytherapy
(n=258; p=0.063), 0.2% versus 11.6% for radical prosta-
tectomy (n=1149; p < 0.001), and 2.8% versus 13.5% for
dose-escalated EBRT alone (n=1143; p < 0.001) (20).

Recently, Crook et al. conducted a multi-institutional
analysis of 8746 patients (42.4% low, 49.2% intermediate,
8.4% high) who were treated with LDR brachytherapy and
did not experience an early clinical failure (<3.5 years).
A PSA <= 0.2 ng/mL was achieved in 77.1% of patients,
and such patients exhibited a 98.7% freedom from recur-
rence at 10 years. High 10-year freedom from recurrence
values (97-99%) were also observed in three independent
validation cohorts. A PSA <= 0.2 ng/mL at 4 years after
LDR brachytherapy has been proposed as a biochemical
definition of cure (21).

In summary, present evidence supports using LDR
brachytherapy monotherapy to provide excellent biochem-
ical control outcomes for low, and FIR disease. Regarding
UIR disease, LDR monotherapy was not associated with
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inferior outcomes compared with combination therapy in a
secondary analysis of the randomized 20/0 and 44/20 trials
(11). Furthermore, patients with UIR disease were included
on RTOG 0232 (9), but results for this unplanned subset
have not been presented. Although more prospective ev-
idence may be forthcoming, brachytherapy monotherapy
may be considered for patients with a single unfavorable
intermediate risk factor who have organ-confined disease
(ie. no suspicion of radiographic extracapsular extension)
on MRI. Shared decision-making of patient preferences
for LDR monotherapy versus alternative approaches is ad-
vised.

KQ2: Which patients are appropriate candidates for
brachytherapy boost in combination with external
beam radiation therapy?

Patients with UIR or high-risk disease could be consid-
ered for brachytherapy boost in combination with EBRT.
The rationale for brachytherapy boost would be to pro-
vide further escalation of dose to the prostatic gland (22),
whereas EBRT could be used to treat subclinical disease
within the entire seminal vesicles with or without the
pelvic lymph nodes. Below is a summary of evidence from
randomized trials and multi-institutional studies.

Randomized controlled trials: intermediate and high risk

There were two randomized trials, which evaluated
combination therapy for intermediate and high-risk dis-
ease. The Androgen Suppression Combined with Elective
Nodal and Dose Escalated Radiation Therapy (ASCENDE-
RT) trial randomized 398 patients to combination ther-
apy (46 Gy EBRT to the pelvis and prostate plus LDR
brachytherapy boost) versus dose-escalated EBRT alone
(46 Gy EBRT to the pelvis and 78 Gy to the prostate)
(Table A.2). All patients received 12 months of ADT. The
study was powered to observe a 15% difference in bio-
chemical failure events between both arms. At a median
followup of 6.5 years, combination therapy was associ-
ated with improved bPFS (7-year bPFS 86% vs. 75%; HR
2.04; p = 0.004). Benefits in bPFS were noted in both the
intermediate (p = 0.03) and high risk (p = 0.048) strati-
fications. However, there was no improvement in MFS or
OS (23). Of note the study was not powered for a survival
benefit. Similar results were noted with a median followup
of 10 years (24).

The 44/20 trial randomized patients with Gleason 7-9
disease and/or a PSA 10-20 ng/mL to two schedules of
combination therapy (44 Gy EBRT 490 Gy Pd-103 vs. 20
Gy EBRT+ 115 Gy Pd-103). The study was powered to
observe a 15% difference in time-to-event survival, and
344 patients were required. Although 566 patients were
enrolled, data were only available for 247 patients due to
administrative reasons. Day 0 D90 was slightly greater in
the 44 Gy arm (mean 129.6% vs. 123.4%, p < 0.001).

There was no difference in biochemical failure (13-year
8.2% vs. 8.0%) or prostate cancer-specific mortality (13-
year 4.0% vs. 1.0%) (10).

Multi-institutional outcomes: intermediate and high risk

RTOG 0019 (Table A.3) was a multi-institutional single-
arm Phase II trial of combination EBRT (45 Gy) with LDR
brachytherapy boost (108 Gy I-125) that enrolled 138 pa-
tients (22% Gleason 6; 78% Gleason 7). In an analysis
of 131 patients, of whom 27% received ADT, the 8-year
biochemical failure rate was 18% (25).

Table A.5 shows multiple multi-institutional retrospec-
tive series of predominantly intermediate risk and high-risk
prostate cancer. An analysis of 1078 patients with Gleason
7-10 disease (78.4% Gleason 7; 21.6% Gleason 8-10) by
Stone et al. reported improved 5-year bPFS (biologically
equivalent dose (BED) <200 Gy: 76.4%, BED 200-220
Gy: 83.5%; BED > 220 Gy: 88.3%) as well as 5-year MFS
(92%; 94%; 99.5%) with increasing BED. A BED > 220
Gy could be achieved with 45 Gy EBRT and brachyther-
apy boost with D90 values of 130 Gy for I-125 or 120 Gy
for Pd-103 (22).

For Gleason 9-10 prostate cancer, Kishan et al. reported
that trimodality therapy (ADT, EBRT, and brachytherapy
boost) was associated with better PCSM and longer time
to distant metastasis compared with radical prostatectomy
and ADT+EBRT. There was no difference in outcomes
among patients who received LDR or HDR brachytherapy
(26). A subsequent study by Sandler et al. reported a bPFS
benefit of whole pelvis EBRT for combination EBRT plus
brachytherapy boost, but not for EBRT alone (27).

In summary, the evidence from randomized controlled
trials suggests that trimodality therapy with ADT, EBRT,
and brachytherapy boost, can maximize biochemical con-
trol for UIR or high-risk disease. To date, there is no ev-
idence in published randomized controlled trials that this
treatment improves OS.

KQ3: What are the roles of androgen deprivation
therapy with brachytherapy?

ADT is recommended for UIR and high-risk disease.
ADT can also be considered for prostate cytoreduction
for patients with low and/or FIR disease with enlarged
glands (>60 cc). These recommendations are consistent
with those put forth by the American Brachytherapy Task
Group Report entitled “Use of androgen deprivation ther-
apy with prostate brachytherapy.” (28).

Improved disease control outcomes

Neoadjuvant ADT is recommended for patients with
UIR and high-risk prostate cancer. The optimal duration
of ADT for patients receiving LDR brachytherapy is not
currently known, due to the lack of mature randomized
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data specifically addressing the role of ADT for patients
receiving LDR brachytherapy. However, the Trans-Tasman
Radiation Oncology Group (TROG) 03.04 trial recently re-
ported that patients treated with HDR brachytherapy boost
had reduced distant progression with longer ADT dura-
tion (18 vs. 6 months) (29). Our current recommendation
would be 4-6 months of ADT for UIR disease, and 12
(23)-36 months from high-risk disease. Below is a sum-
mary of multi-institutional studies that have explored the
role of ADT for patients receiving brachytherapy.

For predominantly low risk patients (Table A.4), two
retrospective studies by Fellin et al. (68% LR; 26% int)
(30) and Martell et al. (74% low risk; 25% int risk) (31)
reported that ADT was not associated with a bPFS benefit.
However, a study of 1038 patients by Dickinson et al.
(100% low risk) (32) concluded that neoadjuvant ADT was
associated with a benefit in 5-year bPFS (96.8 vs. 93.4%;
p = 0.033).

For predominantly intermediate risk patients (Table
A.4), studies by Tran er al. and Cosset et al. reported no
benefit in bPFS with neoadjuvant ADT (33,34). The 44/20
(84.3% Gleason 6-7; 15.8% Gleason 8-9) and 20/0 (98.4%
Gleason 6-7; 1.6% Gleason 8-9) trials each reported no
benefit in bPFS with the addition of ADT (10). However, a
series by Stone et al. (78.4% Gleason 7; 21.6% Gleason 8-
10) reported that ADT was independently associated with
improved bPFS, even after accounting for EBRT, and BED
dose (Table A.5) (22). Furthermore, in a study by Rose
et al. of 4550 patients (85% intermediate, 15% high), the
addition of ADT to brachytherapy was associated with im-
proved PCSM in patients with low (HR=0.35; p = 0.02),
but not high (HR=1.33; p = 0.30) competing risk for
death (defined as older age and presence of cardiac risk
factors including diabetes, coronary artery disease, prior
myocardial infarction, congestive heart failure) (35).

For high-risk cohorts, Shilkrut et al. reported that long-
term ADT (>=24 months) was associated with reduced
biochemical failure but not PCSM for patients who re-
ceived combination therapy (36). In an analysis of Gleason
9-10 cancer by Kishan et al.,, ADT duration (12-23.9 or
24-35.9 months vs. <=12 months) did not impact time to
metastasis or PCSM for patients who received trimodality
therapy (26).

Cytoreduction

Neoadjuvant ADT can be utilized for prostate volume
cytoreduction for patients with low or intermediate risk
disease who have a large gland (>60 cc gland). For such
patients, 2—3 months of neoadjuvant ADT may reduce the
gland size, and decrease the risk of pubic arch interfer-
ence at the time of prostate implant. However, because pa-
tients with low or favorable intermediate risk disease are
unlikely to receive a long-term benefit from ADT (4,37),
patients, especially those with a history of major cardiovas-
cular events (e.g. myocardial infarction or stroke), should

be counseled on the potential risks of cardiovascular events
after leuprolide (38). Degarelix and relugolix may offer
comparable prostate down-sizing (39,40) with less cardio-
vascular side effects (38,41).

Neoadjuvant ADT for cytoreduction has been evalu-
ated in a randomized trial. To avoid toxicity of luteiniz-
ing hormone releasing hormone (LHRH) agonists, Gaudet
et al. randomized 60 patients with low or intermediate
risk disease to 3 months of LHRH agonist versus du-
tasteride 0.5 mg, bicalutamide 50 mg, and tamoxifen 10
mg before I-125 implant. Tamoxifen was administered to
prevent gynecomastia. Dutasteride with bicalutamide was
non—inferior to LHRH agonist for volume reduction of
prostate gland size from >= 50 mL to <50 mL. Rela-
tive volume reductions for respective groups were 31.7%
and 35.5%, respectively. 17% of patients who received
dutasteride with bicalutamide required a longer duration
of treatment (additional 2—3 months) for adequate volume
reduction. Patients who received dutasteride and bicalu-
tamide had improved EPIC sexual summary scores at 6
weeks and 3 months compared with LHRH agonist (42).

In summary, ADT is recommended for UIR and high-
risk disease. ADT can also be considered for cytoreduction
in patients with low and favorable intermediate risk disease
who have enlarged glands.

KQ4: Which radionuclide can be used for ldr
brachytherapy?

I-125, Pd-103, and Cs-131 are all acceptable radionu-
clides for LDR brachytherapy. Table 1 shows the energy,
half-lives, as well as the recommended prescription doses.

For Pd-103, a multi-institutional open-label randomized
controlled trial compared I-125 (144 Gy) versus Pd-103
(125 Gy) for low-risk disease (Table A.2). The trial was
initially powered to enroll 380 patients with a time-to-
survival endpoint, but the sample size was subsequently
increased to 600 patients. A preliminary analysis of 115
patients reported no difference in 3-year bPFS (defined as
PSA <= 0.5 ng/mL at last followup) between I-125 (91%)
and Pd-103 (89%) (p = 0.76). Patients with V100 > 90%
or a D90 > 100% had improved 3-year bPFS (43). A sub-
sequent analysis of 352 patients (baseline American Uro-
logical Association (AUA) score of 7.6 for I-125 and 8.2
for Pd-103) reported that Pd-103 was associated with a
higher AUA score at 1 month (18.5 vs. 14.8), but a lower
AUA score at 6 months (9.9 vs. 12.0). The time for the
mean AUA score to return within three points of base-
line was 6 months for Pd-103 compared with 12 months
for 1-125 (44). No further reports from this trial were
found in the literature. In addition, a multi-institutional
analysis by Zelefsky et al. reported that radionuclide (I-
125 vs. Pd-103) was not associated with biochemical
failure on multivariable analysis in a subset of 602 pa-
tients with available post-implant dosimetry and clinical
features (14).
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For Cs-131, a single institutional randomized controlled
trial compared I-125 (144 Gy) with Cs-131 (115 Gy) in
140 patients with low (81.4%) or intermediate (18.6%) risk
disease. No patients received ADT. A preliminary analy-
sis of 52 patients, published in abstract form, reported no
differences in Expanded Prostate Cancer Index Composite
(EPIC) urinary quality of life scores at 0, 3 months, and
1 year between the two arms (45). Long-term data among
all randomized patients, also published in abstract form,
reported no difference in 9-year bPFS (89% vs. 86%) at a
median followup of 7.9 years (46).

A single institutional Phase II trial of LDR monother-
apy enrolled 300 patients with intermediate-risk localized
disease. Cohorts of 100 patients were treated with I-125
to 145 Gy, Pd-103 to 125 Gy, or Cs-131 to 115 Gy. No
patients received ADT and the 5-year freedom from bio-
chemical failure was 97.3% with no difference between ra-
dionuclides(47). The three radionuclides had similar qual-
ity of life profiles with no clinically significant differ-
ences between them. However, patients reported statisti-
cally higher overall satisfaction at 2-years when treated
with Pd-10,3(48). Other single institutional series reported
that Cs-131 was associated with excellent oncologic out-
comes at 5 years(49) with minimal long-term changes in
EPIC urinary or bowel quality of life (50). The preva-
lence of late rectal bleeding after Cs-131 also remained
low (4.0%), despite a slightly elevated incidence (12.4%)
at a median followup of 4 years (51).

In summary, randomized evidence suggest that Pd-103,
and Cs-131 can provide long-term biochemical progression
free survival similar to that reported with I-125.

KQS5: What late toxicities are associated with
brachytherapy?

Brachytherapy monotherapy is associated with low rates
of late Grade 2-34 genitourinary and gastrointestinal tox-
icity. In the RTOG 0232 randomized controlled trial, pa-
tients who underwent brachytherapy monotherapy had a
3% rate of RTOG late Grade 3+ genitourinary toxicity as
well as a 2% rate of Grade 34 gastrointestinal toxicity
(9). In the single arm prospective RTOG 9805 trial, rates
of maximal RTOG late Grade 2 and Grade 3 genitouri-
nary toxicities were 21% and 3%, respectively. Respective
rates of gastrointestinal toxicities were 5% and 0%, respec-
tively (12). 10% of patients developed erectile dysfunction
(moderate or severe impotence). Regarding the impact of
dosimetry on toxicity outcomes, the J-POPS study reported
that urethra D5 was associated with late Common Termi-
nology Criteria for Adverse Events (CTCAE) version 2.0
Grade 2+ urinary toxicity (mean urethra D5 164.98% for
Grade 2+ versus 156.84% for Grade 0-1 toxicity). The
cumulative incidence of late Grade 2+ gastrointestinal tox-
icity was also elevated for rectal V100 (RV100) >= 1 mL
(10.94%) versus RV100 <1 mL (4.22%) (52).

Brachytherapy boost in combination with EBRT may
be associated with greater risks of late Grade 3+ geni-
tourinary toxicity compared with brachytherapy or EBRT
monotherapy. In RTOG 0232, combination therapy was
associated with a 7% rate of late Grade 3+ genitouri-
nary toxicity compared with a 3% rate for brachytherapy
monotherapy. Respective rates for late Grade 3+ gastroin-
testinal toxicity were 3% and 2%, respectively (9). In the
ASCENDE-RT randomized controlled trial, combination
therapy was associated with a greater 5-year cumulative
incidence of Late Effects of Normal Tissue-Somatic, Ob-
jective, Management, Analytic (LENT-SOMA) Grade 3+
genitourinary toxicity (18.4% vs. 5.2%; p < 0.001), al-
though the 5-year prevalence was much lower in both arms
(8.6% vs. 2.2%; p = 0.058). Of the 31 patients who devel-
oped a late Grade 3 genitourinary event after brachyther-
apy boost, 16 developed urethral strictures requiring ure-
thral dilatation. There was no significant difference in the
cumulative incidence of Grade 34 gastrointestinal toxic-
ity (8.1% vs. 3.2%; p = 0.124) (53). Of the 12 patients
who developed a late Grade 3 gastrointestinal event af-
ter brachytherapy boost, seven developed rectal bleeding
requiring >=2 endoscopic plasma-argon coagulation pro-
cedures.

In summary, combination therapy has been associ-
ated with greater toxicity compared with brachytherapy or
EBRT monotherapy. However, combination therapy may
be an acceptable treatment option for patients with long
life expectancy and minimal comorbidity who are willing
to accept higher risk of toxicity for the chance of minimiz-
ing the risk of subsequent biochemical failure. Biochemical
failure often leads to long-term ADT and other systemic
therapies, resulting in significant lifelong downstream tox-
icities (54).

KQ6: What are quality of life concerns for patients
undergoing brachytherapy?

Brachytherapy monotherapy and quality of life

Brachytherapy monotherapy is a well-tolerated treat-
ment compared with alternative modalities. Although
brachytherapy is associated with increased urinary irrita-
tive symptoms that peak within the first 3 months after
treatment, the median time toward symptom resolution is
1 year for I-125, and 6 months for Pd-103.

As noted in KQ4, a report of the I-125 versus Pd-103
randomized controlled trial reported that the time for the
mean AUA score to return within three points of baseline
was 12 months for I-125 versus 6 months for Pd-103 (44).
In a preliminary analysis of 52 of 140 patients who were
randomized to 1-125 (144 Gy) versus Cs-131 (115 Gy),
there were no differences in EPIC urinary quality of life
scores at 0, 3 months, and 1 year between the two arms
(45). In a prospective Phase II trial reported by Blanchard
et al., I-125, Pd-103, and Cs-131 had similar quality of life
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profiles with no clinically significant differences between
them (48).

Table A.6 shows multiple prospective studies compar-
ing brachytherapy with competing modalities with respect
to quality of life. There are two large multi-institutional
prospective studies, which analyzed functional outcomes
in patients who were treated for prostate cancer within the
past decade. A multi-institutional study from the North
Carolina Central Cancer Registry (Chen et al.) enrolled
1141 patients who subsequently underwent active surveil-
lance, EBRT (94% intensity-modulated radiation therapy),
brachytherapy (I-125), or radical prostatectomy between
2011 and 2013 (55). Patients who underwent brachyther-
apy reported worse urinary obstruction and/or irritation,
and sexual dysfunction (Prostate Cancer Symptom Index)
at 3 months compared to active surveillance. For both do-
mains, there were smaller differences at 1 year, but no dif-
ferences at 2 years compared with active surveillance. Rad-
ical prostatectomy was associated with worse urinary in-
continence, urinary obstruction and/or irritation, and sexual
dysfunction at 3 months compared to active surveillance.
At 2 years, there was persistent urinary incontinence and
sexual dysfunction, but improved urinary irritative symp-
toms. EBRT, on the other hand, was associated with worse
urinary obstruction and/or irritation, bowel symptoms, and
sexual dysfunction compared to active surveillance at 3
months. There were no differences in urinary obstruction
and/or irritation at 1 year and sexual dysfunction at 2 years.
However, differences in bowel symptoms persisted at 2
years.

More recently, Hoffiman et al. reported on a prospective
cohort (Comparative Effectiveness Analysis of Surgery and
Radiation: CAESAR) of 2005 patients with favorable and
unfavorable risk disease, who received treatment between
2011 and 2012 (56). 1386 patients had favorable risk dis-
ease. Compared with active surveillance, brachytherapy (I-
125) was associated with worse urinary irritative, urinary
incontinence, bowel, and sexual symptoms per EPIC scores
that exceeded the minimum clinically important difference
(MCID) thresholds (57) at 6 months. At 1 year, there
were persistent differences in urinary irritative, bowel, and
sexual symptoms. There were no differences in any do-
main that exceeded the MCID thresholds at 3 or 5 years.
Compared with EBRT, brachytherapy was associated with
worse urinary incontinence and urinary irritative scores at
6 months and 1 year, but these differences subsided at
3, and 5 years. Sexual and bowel symptoms were sim-
ilar. Compared with nerve-sparing radical prostatectomy,
brachytherapy was associated with improved urinary in-
continence, but worse urinary irritative scores and bowel
scores at 6 months, 1, 3, and 5 years. Sexual function was
better at 6 months, 1, 3, and 5 years.

Two randomized controlled trials compared urinary
quality of life between I-125 brachytherapy and single frac-
tion HDR monotherapy (19-21 Gy x 1) (Table A.7). In a
trial of 31 patients (Hathout et al.), LDR monotherapy

was associated with greater International Prostate Symp-
tom Score (IPSS) at 3 months, along with a longer time to
IPSS resolution (58). In another trial of 100 patients from
Agoston et al., LDR brachytherapy was associated with
greater IPSS scores at 3 months, but not at 12 months
(59). However, a randomized controlled trial reported sig-
nificantly worse bPFS with single fraction (19 Gy x 1)
compared with two fraction HDR monotherapy (13.5 Gy
x 2) (60).

In summary, brachytherapy monotherapy is associated
with transient urinary irritative symptoms that peak within
the first 3 months of treatment, and tend resolve toward
baseline at 1 year for I-125 and 6 months for Pd-103.

Brachytherapy boost and quality of life

Urinary, bowel, and sexual symptoms may be more
severe for combination brachytherapy boost with EBRT
compared with brachytherapy monotherapy or EBRT
alone. This observation is supported by two randomized
controlled trials as well as a large prospective multi-
institutional cohort study.

In the RTOG 0232 randomized controlled trial,
brachytherapy boost was associated with significantly
worse declines in EPIC urinary, urinary-irritative, and
bowel function compared with brachytherapy monother-
apy at 4 months and 24 months. Brachytherapy boost was
also associated with worse sexual function declines at 24
months. However, none of these differences met the pre-
defined clinically significant threshold (effect sizes >= 0.5
standard deviation) (61).

In the ASCENDE-RT randomized controlled trial,
brachytherapy boost was associated with worse bowel and
sexual function compared with EBRT at 12 months. At 6
years, brachytherapy boost was associated with worse uri-
nary function compared with EBRT. Sexual function was
similar in both arms at 6 years (62).

A recent report from the CAESAR study also reported
worse EPIC urinary irritative and bowel function at 1-year,
as well as urinary irritative function at 3 years for combi-
nation therapy compared with EBRT alone (63).

In summary, brachytherapy boost is associated with
worse urinary irritative, bowel, and sexual symptoms com-
pared with brachytherapy or EBRT monotherapy.

KQ7: What are strategies for improving quality of life
after implant?

Urinary quality of life

Alpha-adrenergic blockers could be considered for im-
proving short-term urinary quality of life in patients under-
going brachytherapy. This is based on review of multiple
randomized controlled trials evaluating alpha-adrenergic
blockers, anti-inflammatory medications, and intraopera-
tive steroids (Table A.8).
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Regarding alpha-adrenergic medications, two random-
ized controlled trials compared an alpha-adrenergic blocker
to no further therapy. In the first trial (Elshaikh et al.),
two months of tamsulosin 0.8 mg daily resulted in a sig-
nificant improvement in AUA score at 5 weeks compared
to placebo in a randomized trial of 118 patients (64). An-
other randomized trial (Shimizu et al.) involving 105 pa-
tients revealed that the addition of silodosin 8 mg daily for
6 months’ improved IPSS at 1, 3, and 6, months, but not
12 months (65).

Regarding anti-inflammatory medications, Tanaka et al.
reported that the addition of 200 mg celecoxib for 3
months to 0.2 mg tamsulosin for 6 months did not im-
prove IPSS scores (60). Crook et al. reported no difference
in urinary retention (7%) or IPSS scores up to 6 months
with meloxicam 7.5 mg BID starting on the day of im-
plant or 1 week before implant in a study of 300 patients
(67).

Intraoperative dexamethasone (6 mg) was not effective
in decreasing the rate of urinary retention for patients un-
dergoing I-125 prostate seed implant in a randomized trial
of 196 patients by Mierzwa et al. However, the rates of
urinary retention (2% vs. 1%) were exceptionally low in
both arms (68).

In summary, randomized trials show a benefit of alpha-
adrenergic blockers for improving short-term urinary qual-
ity of life.

Sexual quality of life

Oral phosphodiesterase type V (PDE-5) inhibitors have
not consistently improved sexual function for patients un-
dergoing radiation therapy including brachytherapy in ran-
domized controlled trials. RTOG 0831 randomized 242 pa-
tients to radiation therapy (63% EBRT/37% brachytherapy)
with 5 mg tadalafil versus placebo for 24 weeks. The study
was powered to detect a 20% increase in spontaneous erec-
tile function at 28-30 weeks after the start of radiation
therapy. There was no difference in spontaneous off-drug
erectile function between the two arms at 28 (79% vs.
74%) or 52-weeks (72% vs. 71%). On multivariable anal-
ysis, radiation therapy type (EBRT vs. brachytherapy) was
not associated with worse erectile function (69). A trial
reported by Zelefsky et al. randomized 279 patients with
intent to undergo radiation therapy (EBRT, brachytherapy,
or combination with or without ADT) to sildenafil citrate
(50 mg daily) versus placebo for 6 months in a 2:1 ratio.
Of the 180 patients who did not receive ADT, a greater per-
centage of patients who received sildenafil citrate reported
improved erectile function (73% vs. 50%; p = 0.024) at
12-months. The type of radiation therapy was not associ-
ated with erectile function (70).

In the randomized controlled trial for prostate cytore-
duction by Gaudet et al. (KQ3), dutasteride 0.5 mg daily,
and bicalutamide 50 mg daily with tamoxifen 10 mg daily
for 3 months were associated with improved EPIC sexual

summary scores at 6 weeks and 3 months compared with
LHRH agonist for 3 months (42).

In summary, it is unclear whether sexual function
preservation may be enhanced with use of PDE-5 in-
hibitors in the postoperative period. Dutasteride and Bi-
calutamide, when used for cytoreduction, allow for im-
proved sexual function preservation compared with LHRH
agonists.

KQ8: Which patients are appropriate candidates for
prostate brachytherapy?

Patients should have a prostate anatomy suitable for im-
plant, as assessed utilizing transrectal ultrasound (TRUS),
computed tomography (CT), or MRI. Special considera-
tion should be made for patients with large prostate glands,
large median lobes, or prior history of transurethral resec-
tion of the prostate (TURP). Patients with large prostate
volumes (>60 cc) may benefit from a TRUS (71,72), CT
(73), or MRI-guided (74) volume study to ensure mini-
mal pubic arch interference. Such patients may also be at
greater risk of urinary retention (75) and late urinary tox-
icity (76). Patients with large median lobes (e.g. prostate
protrusion into the bladder) may also be at greater risk
for acute urinary retention after implant (77), but median
lobe resection with a limited TURP could be safely per-
formed more than 4 months’ before implant (78). Patients
with prior TURP defects may be candidates for prostate
brachytherapy if there are sufficient prostatic margins (e.g.
1 cm) around the defect, and with careful attention to
urethral-sparing dosimetry (79,80).

Patients should have adequate urinary function, with-
out significant irritative or obstructive symptoms. Medi-
cations for improving urinary function (alpha-adrenergic
blockers, anti-muscarinic agents, 5-alpha reductase in-
hibitors) may be considered. Furthermore, patient-reported
outcomes, such the IPSS, should be utilized for quantifying
urinary function. Studies have reported that patients with
higher baseline IPSS scores (>= 15-18) may be at greater
risk of acute urinary retention after implant (81,82). Uro-
dynamic testing can be helpful in patients with a higher
IPSS score, as those with worse peak flow rate (83,84)
and significant post-void residual (85) are at higher risk
of postimplant urinary retention and late urinary morbid-
ity. Optimizing urinary function with medications before
implant is recommended.

Brachytherapy could be considered in those with well
controlled inflammatory bowel disease (86). However, pa-
tients should be counseled on the potential increased risks
of acute, and late toxicity in this setting (87).

Absolute contraindications for TRUS-guided prostate
brachytherapy include inability to tolerate general, spinal,
or local anesthesia in the dorsal lithotomy position, ab-
sence of a rectum, active inflammatory bowel disease, or
unacceptable operative risks.
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Table 3

Recommended metrics for pre-implant and post-implant dosimetry for day 0-60

Pre-implant dosimetry

Post-implant dosimetry Acceptable post-implant dosimetry

1-125 Pd-103 Cs-131
PTV V100 >= 95% V100 >= 95% V100 >= 95%

V150 <= 65% V150 <= 75% V150 <= 55%

V200 <= 30% V200 <= 45% V200 <= 20%
Prostate D90, V100, V150 D90 > 90%

V100 > 85%

Urethra D5 < 150% D5
Rectum RV100 < 1 cc RV100 < 1 cc RV100 < 0.5 cc RV100 RV100 <1 cc for I-125/Pd-103

RV100 <0.5 cc for Cs-131

Abbreviations: DX =minimum dose received by X% of the structure; PTV =planning target volume; VX =volume of the structure receiving X%

of the prescription dose. RV = rectal volume.

KQ9: How are brachytherapy plans evaluated?
Pre-implant dosimetry

Prostate brachytherapy plans are evaluated before (e.g.
pre-implant) and after (post-implant) seed implantation.
Regarding pre-implant dosimetry, LDR brachytherapy im-
plants are performed either with a pre-plan, in which ul-
trasound or MRI images(88) are obtained within 6 weeks
before the actual implant, or intraoperative planning during
the same procedure as the actual seed implant (89). The
clinical target volume (CTV) represents the prostate and
up to 5 mm of subclinical disease in all directions, except
posteriorly toward the rectum and cranially into the bladder
neck. The CTV can be more generous around regions of
clinical or radiographic extracapsular extension. The plan-
ning target volume (PTV) represents the CTV (90,91). Or-
gans at risk include the urethra and the rectum (contoured
0.5-1 cm above and below the prostate) (92).

Recommended pre-implant dose constraints are pro-
vided in Table 3. Specific pre-implant metrics are pro-
vided for different radionuclides due to their differing en-
ergies (Table 2)(93). For all radionuclides, each institution
should formally evaluate such metrics against their institu-
tional practice and experience, given significant differences
in planning algorithms as well as little shared experience
in pre-implant and post-implant dosimetry across different
institutions. When transitioning to a new radionuclide, it
is highly recommended to seek guidance from an experi-
enced practitioner to appreciate the nuances of treatment
planning and delivery.

Post-implant dosimetry

Post-implant dosimetry is essential for the evaluation of
every prostate seed implant, given the association between
post-implant dosimetry and biochemical control (14,94,95).
Day 0 dosimetry performed on the same day as the implant
provides patient convenience, as well as immediate infor-
mation regarding implant quality to improve the learning
curve. Day O dosimetry is recommended for early practi-
tioners of LDR prostate brachytherapy. Dosimetry at later

timepoints (Day 30 — Day 60) accounts for resolution of
prostate edema, and may be more reflective of the de-
posited dose for I-125 due to its prolonged half-life (96).
CT-based dosimetry remains the standard method for iden-
tifying seed locations. However, MR and/or CT fusion
is highly recommended as it provides the best anatomic
delineation of the prostate and surrounding organs-at-risk
(97,98). A Foley catheter is recommended if the patient
can tolerate to clearly define the urethra for the purpose of
post-implant dosimetry.

Recommended post-implant dosimetry metrics, defined
broadly to encompass dosimetry at any timepoint between
Days 0 and 60, are included in Table 3. Acceptable prostate
coverage is signified by a prostate D90 >= 90%, given the
increased risk of biochemical recurrence if this constraint
is not met (14,94,95), as well as a V100 >=85% (99). If
these constraints are not met on Day O dosimetry, post-
implant dosimetry could be repeated at a later timepoint
to evaluate if prostate coverage may improve with edema
resolution (100). If these constraints are not met on later
postimplant dosimetry, additional treatment with radionu-
clides (101), external beam radiation therapy, or ADT (28),
could be considered. Acceptable rectal dosimetry is indi-
cated by a rectal V100 (RV100) <1 cc, given the increased
risk of late Grade 24 rectal toxicity if this constraint is
not met (52,102). If this constraint is not met, a rectal
spacer could be considered to increase the distance be-
tween the prostate and rectum (103). The urethra D5 has
been suggested as a reportable metric in prior brachyther-
apy guidelines (2,92). Although the urethra D5 has been
associated with Grade 2+ late urinary toxicity(52), there
is insufficient data to recommend a dosimetric threshold.
Dosimetric constraints that have been associated with uri-
nary toxicity include the bladder neck (104) (D2cc < 50%)
and external urethral sphincter (V200 < 0.04 cm?®) (105).

KQ10: What type of seeds should be utilized for
brachytherapy?

Both loose and stranded seeds can be utilized for the
prostate seed implant. Loose seeds are loaded in sterile
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cartridges. Stranded seeds can be delivered with pre-loaded
needles, or constructed intraoperatively. A randomized con-
trolled trial reported less seed migration with stranded
seeds compared with loose seeds (106). However, bioab-
sorbable polymer coated seeds have been shown to reduce
migration (107).

Seeds (loose or stranded) should be delivered under
real-time TRUS guidance with specialized treatment plan-
ning software. Because the needle insertion process may
distort the gland, the physician must continuously compare
the actual position of the prostate and urethra with respect
to their relative positions from the treatment planning im-
age. If deviations are noted, an effort should be made to
align needles with the actual prostate and urethral anatomy
to ensure that the seeds are deposited in their intended lo-
cations. Care must be taken to ensure that seeds are not
deposited too close to the urethra or rectum. Interactive
planning, in which real-time dosimetry is updated based
on needle positions, may aid physicians in making manual
adjustments (89). Additional seeds could also be deposited
before anesthesia reversal if real-time dosimetric assess-
ment with TRUS and/or cone-beam CT fusion is available
(108,109).

Discussion

This consensus statement is intended to provide a com-
prehensive update of the clinical benefits and risks of
prostate LDR brachytherapy based on a systemic review of
the literature. Recommendations have been made based on
the new 4-tiered NCCN risk stratification system and com-
pletion of practice-changing randomized controlled trials.
These guidelines are consistent with those from the NCCN
(3), American Society of Clinical Oncology and/or Cancer
Care Ontario (110), and European Association of Urology
and/or European Society for Radiotherapy and Oncology
and/or International Society of Geriatric Oncology (111).

The practice of brachytherapy will continue to evolve as
results from multiple ongoing randomized controlled trials
are published. Current trials are evaluating:

— whether HDR monotherapy is associated with
different PSA control (NCT02960087), toxicity
(NCTO02258087; PROMOBRA), or urinary quality
of life (NCT03426748) outcomes compared with LDR
monotherapy in favorable risk prostate cancer;

— whether SBRT is associated with different acute toxicity
profile (NCT02895854; BRAVEROBO) or cost utility
(NCTO03830788) compared with LDR brachytherapy;

— whether quality of life differs between HDR
brachytherapy boost and LDR brachytherapy boost
(NCT01936883; BrachyQOL) in conjunction with
EBRT for unfavorable risk prostate cancer;

— whether LDR or HDR brachytherapy boost with EBRT
can improve 5-year bPFS compared with dose-escalated

EBRT (NCT02271659; GETUGPO05) in unfavorable risk
prostate cancer;

— whether longer durations of ADT for LDR brachyther-
apy can improve bPFS in intermediate (NCT00664456:
SHIP 0804) (112) and high risk (UMINO00003992:
SHIP 36B) (113) prostate cancer. Of note, a recent anal-
ysis of the TROG RADAR trial reported that patients
who received HDR brachytherapy boost had reduced
distant progression with 18-months versus 6 months of
ADT (29);

— whether the presence of ADT can improve OS for
patients within the EBRT +LDR brachytherapy boost
stratification (NCT00936390; RTOG 0815).

However, critical challenges surrounding LDR
brachytherapy remain. First, strategies need to be de-
veloped for mitigating toxicities associated with LDR
brachytherapy boost. Imaging technologies, such as multi-
parametric magnetic resonance imaging (mpMRI), may
play an important role in dose escalation of dominant
intraprostatic lesions (114), while safely sparing organs
at risk associated with toxicity and/or adverse quality of
life after brachytherapy such as the bladder neck (104),
external urethral sphincter (105,115), and rectum (116).
Second, brachytherapy boost should be offered only to
selected group of patents with UIR and HR disease. Only
those with long life expectancy, absence of significant
comorbidities, and good baseline urinary function are
likely to benefit from this treatment over the long term,
by avoiding biochemical failure and subsequent toxic
systemic salvage therapy such as long-term ADT (54).
The final treatment decision should be an individualized
shared decision-making between the physician and patient,
with consideration of patient’s preference on the improved
disease control with the potential of increased urinary
toxicity with brachytherapy boost.

In addition, predictive biomarkers, and novel func-
tional imaging may improve patient selection. This is
especially important, given the emergence of potential
competing modalities including androgen receptor signal-
ing inhibitors to the radiotherapeutic (NCT02446444; EN-
ZARAD) and surgical management (NCT03767244; PRO-
TEUS) of high-risk prostate cancer. Candidate biomarkers
include mpMRI (117), prostate PET (118,119), or genomic
classifiers (120,121). Third, LDR brachytherapy is heav-
ily user-dependent, such that clinical outcomes may vary
across providers and institutions due to pronounced dosi-
metric heterogeneity associated this technique. Standard-
ization of brachytherapy treatment planning using activ-
ity per volume nomograms (122,123), autosegmentation of
pelvic anatomy (124), and knowledge-based planning (125)
may reduce such variabilities, and ensure that brachyther-
apy outcomes are generalizable across institutions. This
could also be helpful in training the new generation of
brachytherapists (126). Fourth, the role of brachytherapy
for focal therapy in combination with mpMRI, while out-
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side the scope of this guideline, needs to be further defined
as this may be an acceptable oncologic treatment for pa-
tients with low or favorable intermediate risk disease who
desire to preserve quality of life (127). Finally, alterna-
tive payment models may have important implications for
the utilization of LDR brachytherapy as monotherapy and
boost treatment, given unique cost savings, and cost effec-
tiveness of LDR brachytherapy with respect to competing
modalities (128,129).

The most promising strategies should be incorporated
into randomized controlled trials with primary endpoints
involving long-term disease control, late toxicity, quality
of life, and cost effectiveness so that the value of LDR
brachytherapy in the rapidly changing clinical environment
can be enhanced.
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