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Simple Summary: This study describes the outcomes of 149 men with prostate cancer treated at a
single center with Iodine-125 low dose rate brachytherapy (also known as radioactive seed implant).
A total of 98% of men were considered biochemically controlled 7 years after implant. Men without
clear extra-prostatic extension of disease on MRI had very high rates of control, suggesting that MRI
can be used to safely select men with “unfavorable intermediate risk” disease to be treated with an
implant alone, rather than a combined course of external beam radiation with brachytherapy, as
some guidelines recommend. Severe late side effects to the bladder and rectum were uncommon,
and quality of life was well preserved, with mild changes in urinary and sexual health, particularly
within the first 2 years after the implant. A table describing symptom distress over time is provided
to help guide patient expectations regarding quality of life after brachytherapy.

Abstract: Purpose: We examined a prospective consecutive cohort of low dose rate (LDR) brachyther-
apy for prostate cancer to evaluate the efficacy of monotherapy for unfavorable-intermediate risk
(UIR) disease, and explore factors associated with toxicity and quality of life (QOL). Methods:
149 men with prostate cancer, including 114 staged with MRI, received Iodine-125 brachytherapy
alone (144–145 Gy) or following external beam radiation therapy (110 Gy; EBRT). Patient-reported
QOL was assessed by the Expanded Prostate Index Composite (EPIC) survey, and genitourinary (GU)
and gastrointestinal (GI) toxicity were prospectively recorded (CTC v4.0). Global QOL scores were
assessed for decline greater than the minimum clinically important difference (MCID). Univariate
analysis (UVA) was performed, with 30-day post-implant dosimetry covariates stratified into quar-
tiles. Median follow-up was 63 mo. Results: Men with NCCN low (n = 42) or favorable-intermediate
risk (n = 37) disease were treated with brachytherapy alone, while most with high-risk disease had
combined EBRT (n = 17 of 18). Men with UIR disease (n = 52) were selected for monotherapy (n = 42)
based on clinical factors and MRI findings. Freedom from biochemical failure-7 yr was 98%. Of 37
men with MRI treated with monotherapy for UIR disease, all 36 men without extraprostatic extension
were controlled. Late Grade 2+/3+ toxicity occurred in 55/3% for GU and 8/2% for GI, respectively.
Fifty men were sexually active at baseline and had 2 yr sexual data; 37 (74%) remained active at 2 yr.
Global scores for urinary incontinence (UC), urinary irritation/obstruction (UIO), bowel function,
and sexual function (SF) showed decreases greater than the MCID (p < 0.05) in UC at 2 mo, UIO at 2
and 6 mo, and SF at 2–24 mo, and >5 yr. Analysis did not reveal any significant associations with any
examined rectal or urethral dosimetry for late toxicity or QOL. Conclusion: Disease outcomes and
patient-reported QOL support LDR brachytherapy, including monotherapy for UIR disease.
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1. Introduction

Men with localized prostate cancer may be counseled to consider a variety of man-
agement options, including active surveillance, radical prostatectomy, or radiation therapy.
The decision-making process ideally considers a patient’s disease risk, medical comorbidity,
and preference. In many cases, especially in the setting of more favorable risk disease
diagnosed in older men with competing risks of mortality, the benefits of therapy may not
clearly outweigh the risks. Detailed knowledge regarding quality of life (QOL) outcomes
can offer critical information to facilitate informed decisions [1] and minimize treatment
related regret [2].

Brachytherapy, inclusive of both low-dose rate (LDR) and high-dose rate (HDR)
brachytherapy, is a well-established treatment for select men with prostate cancer [3].
Prostate brachytherapy entails a procedure during which sealed radioactive sources are
placed directly into the prostate, either via a permanent implant (LDR; often colloquially
referred to as radioactive seeds) or temporarily via an interstitial catheter (HDR). The
placement of the radioactive source directly into the prostate confers the ability to deliver a
high radiation dose to the target and limit the exposure of adjacent normal tissue with a
relatively steep dose gradient in comparison to external beam radiation therapy (EBRT).
Some men with prostate cancer can be treated with brachytherapy as monotherapy, while
others are treated with a combination of EBRT followed by an implant boost, given the
possibility for subclinical involvement of the seminal vesicles or lymph nodes. In men
with intermediate risk disease, this decision is typically made based on clinical factors,
such as the widely accepted risk classification of favorable intermediate risk (FIR) versus
unfavorable intermediate risk (UIR) disease supported by the NCCN [4]. While the efficacy
of monotherapy for FIR disease is generally accepted [5], the management of men with
UIR disease is less certain. Offering men supplemental EBRT to treat the seminal vesicles
or lymph nodes can potentially improve outcomes [6,7] but also carries the risk of in-
creased toxicity. Guidelines currently recommend monotherapy for only low- or favorable
intermediate-risk (FIR) [4,8].

In this study, we analyzed our 15-year institutional experience of low dose rate (LDR)
brachytherapy for prostate cancer to evaluate two specific topics. First, we sought to
contribute to the knowledge gap regarding the efficacy of brachytherapy monotherapy
in unfavorable intermediate risk (UIR) disease, reporting on the value of pre-treatment
MRI that was routinely incorporated into decision making. Secondly, we wished to report
detailed toxicity and QOL outcomes and explore whether post-implant dosimetry were
correlated, hoping that a more contemporary analysis may offer new insights to implant
guidelines that have changed little since 1999 [8–11]. Although many comparative QOL
outcomes with LDR brachytherapy as monotherapy have been reported [1,12–15], these
studies may be limited by a lack of detailed patient and treatment factors, or by a relatively
shorter follow-up.

2. Materials and Methods

Men diagnosed with non-metastatic prostate cancer who were treated with brachyther-
apy between 2006–2021 at one institution by a single radiation oncologist were enrolled in
a prospective, longitudinal study to analyze disease outcomes, toxicity, and post-treatment
quality of life (IRB #14934A). All men underwent permanent implant Iodine-125 LDR
brachytherapy, prescribed to 144–145 Gy as monotherapy or 110 Gy as a boost following
external beam radiation therapy (EBRT, median 45 Gy) to the pelvic lymph nodes [16].
Brachytherapy was offered as a treatment choice for eligible candidates following a consis-
tent treatment algorithm over the period of study (Supplemental Figure S1). Candidacy for
brachytherapy included the lack of severe urinary dysfunction (International Prostate Symp-
tom Score < 15) or larger prostate gland size (<60 cc), and no prior history of transurethral
resection of the prostate. The majority of men (n = 114) underwent endorectal MRI prior to
brachytherapy; this imaging test was more commonly ordered in men with intermediate
risk disease (80/89, 90%) than in men with low risk (23/42, 55%) or high risk (11/18, 61%)
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disease. Androgen deprivation therapy (ADT) was prescribed for two indications: men
treated with monotherapy with an enlarged prostate size (e.g., size > 60 cc, or largest
transverse dimension of >5 cm) received oral only therapy consisting of a 5-alpha reductase
inhibitor with bicalutamide for gland downsizing; men treated with brachytherapy boost
after EBRT were prescribed a luteinizing hormone-releasing hormone to augment treatment
efficacy [17]. A combined EBRT and brachytherapy boost was reserved for men with higher
risk features that increased the risk of pelvic nodal involvement at the clinician’s discretion.
Generally, this applied to nearly all men with NCCN high-risk prostate cancer and select
men with NCCN UIR disease (multiple cores of primary Gleason pattern 4, PSA > 15,
percent positive biopsy cores >67%, or MRI with high-risk findings on staging endorec-
tal MRI [17,18] such as gross extraprostatic extension (EPE), seminal vesicle invasion, or
lymph node involvement). For the purposes of this study, EPE was recorded on a 4-point
scale of definitely negative (grade 0), probably negative (grade 1), indeterminate (grade 2),
probably positive (grade 3), and definitely positive (grade 4) based on interpretation by a
genitourinary radiologist, as described previously [18].

Brachytherapy was delivered using a pre-plan approach, with 18 Gauge needles
preloaded with stranded I-125 seeds (IsoAid LLC, Port Richey, FL, USA). Two to three
weeks prior to the seed implant, all patients underwent a transrectal ultrasound volume
study. After a bowel prep including oral simethicone and an enema, the patient was
positioned supine in the dorsal lithotomy position with both legs raised with knees flexed
at 90 degrees. A urinary catheter was used to drain and fill the bladder with 120 cc
saline before attaching a syringe with aerated KY jelly to highlight the urethra. Axial
ultrasound images were acquired every 5 mm from the base to the apex of the gland.
Images were then transferred to a dedicated prostate brachytherapy software (Variseed
v7.6–9.0, Varian Medical System, Palo Alto, CA, USA) for treatment planning. Once the
prostate volume was delineated, a planning target expansion of 0–5 mm was applied to
the prostate, including 0 mm posteriorly at the mid-gland, 2 mm anteriorly and laterally,
and up to 5 mm circumferentially at the base and apex. Pre-implant planning goals
included PTV V100 > 98%, V150 < 40%, V200 < 20%, and mean urethral dose <120% of
the prescription dose. The implantation of radioactive seeds was performed jointly with a
urologist in an operating suite. All patients were under general anesthesia with paralysis,
unless contraindicated in favor of spinal anesthesia. A transrectal ultrasound probe (from
2006–2020 Hitachi 5500; from 2021 onwards, BK3000) was affixed to a stepper and stabilizer
system (CIVCO). The seed placement was performed using a grid template registered to the
probe, guided by the real time ultrasound images and fluoroscopy as needed for accurate
placement. Cystoscopy was not routinely performed at the conclusion of the procedure.
All men were prescribed an alpha-blocker prophylactically prior to implant to aid with
urination (e.g., terazosin 5 mg or tamsulosin 0.4 mg). CT-based post implant dosimetry was
performed at day 30, as recommended by the AAPM Task group 137 [19]. Axial CT images
in 2 mm slice thickness were acquired on a Bigbore scanner (Philips, The Netherland).
All images were transferred to the same software (Variseed) for prostate, urethra and
rectum delineation. Seed localization and dose volume calculations were subsequently
performed by qualified medical physicists. The CT prostate volumes were determined with
a visual correlation to pre-implant ultrasound volumes to ensure similar total volume. The
urethra was contoured based on the visual correlation of the pre-implant position, without
placement of a urinary catheter or contrast dye. The rectum was contoured at the level of
the prostate. The dosimetry quality of the implant was assessed using the ABS guidelines
for a permanent prostate seed implant, i.e., prostate V100 > 85%, D90 > 90%, and rectal
V100 < 1 cc [8].

Follow-up consisted of a clinical exam, the evaluation of PSA, and patient-reported
QOL every 6–12 months up to 10 years after the implant. Freedom from biochemical failure
(FFBF) was defined as a PSA that was no more than 2 ng/mL above the nadir, excluding any
transient rises in PSA that subsequently decreased without therapy. QOL was evaluated by
the Expanded Prostate Index Composite (EPIC) and International Prostate Symptom Score
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(IPSS), and physician-assessed genitourinary (GU) and gastrointestinal (GI) toxicity scores
(CTC v4.0) were prospectively assigned at each visit. For urinary frequency, the definition
of late grade 2+ toxicity included any use of new or increased dose of urinary medication
(e.g., tamsulosin) to aid with frequency beyond 3 months. The study was pragmatic in
design in order to allow patients to alternate visits between specialists and grant flexibility
in the timing of QOL surveys, which were recorded for radiation oncology visits.

Global QOL scores were assessed for decline greater than the minimum clinically
important difference (MCID) [20]. QOL endpoints were assessed with a multivariate
repeated measures ANOVA using PROC MIXED in SAS (version 9.4, SAS Institute, Cary,
NC, USA) to avoid the listwise deletion of missing data. QOL at “5+ yr” included the
most recent data beyond 5 yr. Overall survival and freedom from toxicity were assessed
with the Kaplan-Meier method in JMP (version 14, SAS Institute, Cary, NC, USA).; the
log-rank test statistic assessed differences in levels of selected prognostic factors including
dosimetric parameters. Univariate analysis (UVA) for toxicity and QOL was performed,
with post-implant dosimetry covariates stratified into quartiles. QOL endpoints were
assessed with a multivariate repeated measures ANOVA.

3. Results

A total of 149 men with prostate cancer received LDR brachytherapy, including 122
(82%) as monotherapy and 27 (18%) in combination with EBRT. Patient and treatment
characteristics are shown in Table 1. The median pre-treatment PSA was 6.2, and age was
64 yr. The Gleason score was 6 (32%), 7 (57%), or 8–9 (10%). Men with NCCN low (n = 42,
28%) or FIR (n = 37, 25%) disease were treated with brachytherapy alone. Most men with
UIR disease (n = 52, 35%) had monotherapy (n = 42; combined EBRT n = 10), while most
with high-risk disease (n = 18, 12%) had combined EBRT (n = 17). Forty-seven men had
androgen deprivation therapy (median 6 mo). Downsizing for a large gland was typically
achieved using oral only agents (n = 18; e.g., finasteride and bicalutamide for 3 months),
whereas combined hormonal therapy to improve disease outcomes otherwise included an
LHRH agonist (n = 29).

In 114 men with staging MRI, probable or definite EPE was observed in 0 of 23 (0%)
men with low-risk, 3 of 34 (9%) men with FIR, 5 of 46 (11%) men with UIR, and 6 of 11 (55%)
men with high-risk disease. Seminal vesicle invasion (n = 1) or lymph node involvement
(n = 0) were rarely observed (<1%). The largest dominant nodule seen on MRI measured a
median 10 mm (IQR 7–14 mm).

Post-implant dosimetry was performed at a median of 30 days. The median D90
prostate, V100 prostate, rectal V100%, and mean urethral dose were 101%, 91%, 0.12 cc, and
165 Gy, respectively. The majority of cases met the ABS post-implant goals for prostate
V100 ≥ 85% (n = 126, 85%), prostate D90 ≥ 90% (n = 143, 96%), and rectal V100 < 1 cc
(n = 140, 94%).

With a median follow-up of 63 mo, FFBF at 5 years was 100%, and at 7 years it was
98%. Overall, 3 men experienced biochemical failure, including one man with low-risk
disease (at 176 mo, with biopsy proven distant metastasis to para-aortic nodes) and 2 with
UIR disease (at 62 and 115 mo, biochemical failure without clear local recurrence or distant
metastasis, treated with salvage hormonal therapy). Four men experienced a bounce in PSA
>2 ng/mL that resolved without therapy and were not included as biochemical failures;
overall, 38 men had a transient rise in PSA after brachytherapy that was not related to
testosterone recovery after ADT (median 0.28, IQR 0.14–1.29, range 0.02–4.4 ng/mL; median
time to PSA bounce 21 months). In 37 men with pre-treatment MRI available who were
treated for UIR disease with monotherapy, all 36 men without EPE were biochemically
controlled at a median follow-up of 49 months, while the only man with probable EPE
experienced biochemical failure at 62 months (p = 0.0002). Patient characteristics, MRI
findings, and disease outcomes for men with UIR disease are shown in Table 2. The 7-year
FFBF for all 42 men with UIR disease treated with monotherapy was 95%; the 7-year FFBF
for all men otherwise treated with monotherapy for low-risk (n = 42), FIR (n = 37), and
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high-risk disease (n = 1) was 100%, and was likewise 100% for men with UIR (n = 10) or
high-risk (n = 17) disease treated with brachytherapy boost. Median PSA at last follow-up
was 0.17. In men with >4 years of PSA follow-up, the median PSA at last follow-up was
undetectable (<0.05 ng/mL) in 31 of 58 (53%) men. At the time of last follow-up, 14 men
were deceased, with none of three biochemical recurrences with castrate sensitive disease at
the time of death attributed to prostate cancer. Secondary cancers were observed in 10 men;
the only cancer in proximity to the prostate was a T1N0 bladder cancer with a history of
tobacco and asbestos exposure diagnosed 2 years after implant, successfully treated with a
radical cystectomy.

Table 1. Patient and treatment characteristics.

Median (IQR) or Number (%)

Age (years) Median 64 (59–69)

Race (n = 148)
Caucasian 61 (41%)

African American 77 (52%)
Hispanic 6 (4%)

Asian 3 (2%)
Other 1 (1%)

PSA at Diagnosis (ng/mL) 6.2 (4.8–8.9)

Gleason Score
Gleason 3 + 3 (grade group 1) 49 (33%)
Gleason 3 + 4 (grade group 2) 70 (47%)
Gleason 4 + 3 (grade group 3) 15 (10%)
Gleason 4 + 4 (grade group 4) 7 (5%)
Gleason 9–10 (grade group 5) 8 (5%)

Clinical stage
T1c 117 (78%)
T2a 18 (12%)
T2b 7 (5%)
T2c 2 (1%)
T3a 5 (3%)

Percent biopsy cores positive 33 (21–50)

NCCN Risk grouping
Low 42 (28%)

Favorable-intermediate risk 37 (25%)
Unfavorable-intermediate risk 52 (35%)

High 18 (12%)

Brachytherapy dose
Monotherapy, 144 Gy 15 (10%)
Monotherapy, 145 Gy 107 (72%)

Combined with external beam, 110 Gy 27 (18%)

Hormonal therapy
Oral agents only 18 (13%)
LHRH agonist 29 (19%)
Duration (mo) 6 (3–24)

Post Implant Dosimetry
V100 prostate (%) 91 (87–94)
V150 prostate (%) 37 (32–43)
V200 prostate (%) 13 (11–16)
V100 Rectum (cc) 0.12 (0.02–0.39)
D1cc Rectum (Gy) 94.8 (69.1–110.3)

Mean urethra dose (Gy) 165 (148–183)

Median Follow-Up (months) 63 (28–110)
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Table 2. Patient characteristics, MRI findings, and outcomes for men with unfavorable intermediate
risk disease (n = 52).

Monotherapy
Median (Range) or

Number (%)

Brachytherapy Boost
Median (Range) or

Number (%)
p Value

Age (years) 65.5 (42–77) 63 (53–71) 0.66

PSA at Diagnosis (ng/mL) 6.15 (1.9–14.5) 8.35 (4.5–19.0) 0.0578

Gleason Score
0.40Gleason 3 + 4 (grade group 2) 31 (74%) 6 (60%)

Gleason 4 + 3 (grade group 3) 11 (26%) 4 (40%)

Clinical stage

0.36
T1c 38 (83%) 8 (80%)
T2a 2 (5%) 0 (0%)
T2b 2 (5%) 2 (20%)
T2c 2 (1%) 0 (0%)

Percent biopsy cores positive 50 (8–100) 64 (36–94) 0.0719

MRI findings (n = 46)
EPE grade (0/1/2/3/4) 25/1/10/1/0 3/1/1/1/3 0.0068
EPE probable or definite 1 (3%) 4 (44%) 0.86

Largest nodule axial dimension,
mm 11 (4–20) 11 (6–27) 0.0098

Hormonal therapy

<0.0001
Oral agents only 3 (7%) 1 (10%)
LHRH agonist 1 (2%) 9 (90%)
Duration (mo) 3 (3–4) 6 (2–28)

7-year FFBF
Overall group 94% 100% 0.74

Men without EPE on MRI 100% 100% NA

Median PSA Follow-Up (months) 49 (4–136) 34 (11–90) 0.20
EPE = Extraprostatic extension; FFBF = freedom from biochemical failure.

Acute urinary obstruction within 6 months of the implant occurred in 10 (7%) men, and
was managed with a temporary Foley catheter (n = 8, median 6 days) or suprapubic tube
(n = 2, median 3 mo). Late Grade 2+ and 3+ GU toxicity was observed in 55% and 3% (in
five men including urinary obstruction requiring a temporary Foley catheter (n = 1 at 20 mo)
or TURP (n = 2, at 12 and 19 mo), and hematuria requiring a temporary Foley catheter
(n = 1, at 63 mo) or cystectomy related to fistula repair in the setting of nephrolithiasis and
urologic instrumentation (n = 1, at 9 yr). Late grade 2+ and 3+ GI toxicity in 8% and 2%
(n = 3, including two with endoscopic coagulation of proctitis and one with intermittent
fecal urge incontinence requiring pad use), respectively. The high incidence of cumulative
grade 2+ GU toxicity was primarily attributable to the frequent use of urinary medicines
within six months of brachytherapy; urinary medicines were documented at last follow-up
in 37%. There was an increase in IPSS over baseline of a median 9, 3, and 2 points at 2 mo,
1 yr, and 5+ yr, respectively (all p < 0.01). Among 77 men with baseline and 2-year data on
sexual activity, 50 (65%) were active at baseline, and 37 of those (74%) remained active at
2-years.

Global scores for urinary incontinence (UC), urinary irritation/obstruction (UIO),
bowel function, and sexual function (SF) over time are shown in Supplemental Table S1.
Decreases greater than the MCID (p < 0.05) were observed in UC at 2 mo (−19, p = 0.02),
UIO at 2 mo (−25, p < 0.01) and 6 mo (−12, p = 0.02), and SF at 2–24 mo (−30 at 2 mo,
p < 0.01; −17 at 24 mo, p = 0.04). Analysis did not reveal any significant associations with
any examined patient or treatment factors or post-implant dosimetry with late grade 2–3+
toxicity (Table 3) or QOL.
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Table 3. Univariate analysis of various covariates against late toxicity.

Variable Freedom from
GI 2+ Toxicity

Freedom from
GI 3+ Toxicity

Freedom from
GU 2+ Toxicity

Freedom from
GU 3+ Toxicity

Age (< vs. >= 67) 0.6174 0.6162 0.4159 0.3145

Combined EBRT 0.0829 0.577 0.1973 0.4339

Anticoagulation 0.8363 0.9948 0.6571 0.1421

Diabetes 0.5810 0.6079 0.6350 0.5749

Rectal D1cc (Gy) 0.5125 0.8596

Rectal V100 (cc) 0.5625 0.6180

Mean urethra dose
(Gy) 0.1453 0.6236

Urethra D.01cc (Gy) 0.4604 0.6484

Urethra D1 (%) 0.1881 0.7652

Urethra V125 (cc) 0.5886 0.7324

Urethra V125 (%) 0.4667 0.1330

Urethra V150 (cc) 0.8302 0.6325

Urethra V150 (%) 0.6793 0.4552

Urethra V200 (Gy) 0.4618 0.6159
p values shown. EBRT = external beam RT.

QOL after brachytherapy over time by symptom is shown in Table 4. Outcomes
for monotherapy versus brachytherapy boost were consolidated into one table because
univariate and multivariate analysis suggested no difference in QOL between the two
groups. At 5+ yr, the percentage of men reporting moderate/severe distress for overall
urinary, bowel, and sexual function (8%, 4%, and 22%) was numerically similar to baseline
(10%, 3%, 23%), respectively.

Table 4. Symptom distress over time.

Baseline
n = 123

3 mo
n = 26

6 mo
n = 64

1 yr
n = 87

2 yr
n = 93

3 yr
n = 64

4 yr
n = 51

5+ yr
n = 51

Urinary function
Dysuria 1% 14% 5% 7% 4% 0% 0% 0%

Hematuria 1% 0% 2% 0% 0% 0% 0% 2%
Weak stream 2% 33% 22% 11% 9% 7% 0% 4%

Frequency 12% 26% 28% 19% 19% 14% 10% 8%
Urinary incontinence

Leaking >1 time per
day 3% 13% 9% 4% 6% 5% 2% 8%

Frequent dribbling 4% 29% 14% 1% 6% 6% 0% 4%
Any pad use 2% 17% 6% 5% 4% 5% 4% 8%

Leaking problem 2% 13% 6% 1% 2% 3% 0% 4%
Overall urinary problem 10% 46% 16% 13% 15% 6% 4% 8%

Bowel function
Urgency 8% 20% 16% 6% 9% 9% 8% 0%

Frequency 2% 13% 9% 5% 3% 2% 2% 0%
Fecal incontinence 0% 0% 8% 1% 1% 2% 2% 2%

Bloody stools 1% 4% 3% 2% 2% 6% 2% 2%
Rectal pain 2% 9% 3% 2% 0% 2% 2% 2%

Diarrhea 7% 12% 19% 12% 11% 8% 6% 10%
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Table 4. Cont.

Baseline
n = 123

3 mo
n = 26

6 mo
n = 64

1 yr
n = 87

2 yr
n = 93

3 yr
n = 64

4 yr
n = 51

5+ yr
n = 51

Overall bowel problem 3% 8% 11% 0% 3% 3% 4% 4%
Sexual function

Poor erections 23% 63% 44% 47% 46% 42% 30% 41%
Difficulty with orgasm 17% 58% 43% 38% 31% 33% 18% 30%

Erections not firm 18% 56% 40% 30% 33% 33% 22% 33%
Erections not reliable 30% 74% 55% 48% 42% 39% 37% 34%
Poor sexual function 27% 73% 52% 47% 46% 44% 33% 40%

Sexually active 59% 12% 38% 55% 54% 58% 59% 49%
Overall sexual problem 23% 46% 43% 39% 31% 32% 27% 22%

4. Discussion

This consecutive cohort of 149 men treated with LDR brachytherapy for prostate cancer
revealed excellent biochemical outcomes, including those with UIR disease treated with
monotherapy. Brachytherapy patients had reasonably well preserved QOL, with transient
changes in acute urinary QOL, and longer-term changes in sexual QOL greater than the
MCID. Post-implant dosimetry did not correlate with toxicity or QOL. The patient-reported
symptom distress table may assist men who are evaluating treatment options to guide
expectations and make an informed, personal choice.

Overall, our results are generally consistent with published literature on prostate
brachytherapy, including treatment efficacy [21,22], impact on quality of life [1,23], and
a lack of correlation with dosimetry on toxicity or quality of life beyond the few ABS
endorsed of D90 to the prostate and rectal V100 [7]. This consistency in outcome should
perhaps come as no surprise since the pre-plan approach to radioactive seed implant has
been widely adopted and we describe an experience in the context of the well-controlled
environment of a single institution and provider. The inability to uncover new correlations
with post-implant dosimetry and outcome might also be expected, especially considering
our sample size, low number of events, and potential inability for 30-day assessment using
the relatively crude tools of urethral and rectal dose to reflect pathology over the life of the
implant. In this context, ABS endorsed post-implant goals are important parameters for
programs to strive to achieve, but at the patient level may not offer a numerically absolute
form of assessing implant adequacy in which any slight deviation could risk a compromise
in outcome.

There are two potential areas where our work contributes new information on LDR
prostate brachytherapy. First, we demonstrated a very high rate of disease control (5-yr
FFBF 100%; 7-yr FFBF 98%) with brachytherapy within the construct of a treatment algo-
rithm that routinely incorporated staging endorectal MRI for intermediate risk disease.
Over the duration of the study, this imaging test was ordered for risk stratification–men
without gross extraprostatic extension, seminal vesicle invasion, or lymph node involve-
ment [18] were commonly offered monotherapy, even if they presented with UIR disease.
The excellent disease control of the UIR cohort (7-yr FFBF 94%) supports the rationale to
offer brachytherapy monotherapy for men without high-risk MRI findings. The RTOG 0232
randomized trial of brachytherapy +/− partial pelvic EBRT for intermediate risk prostate
cancer showed no difference in 5-y progression free survival (85–86% in both arms) [5],
but men with UIR disease were under-represented, and a subset analysis on this group
has not yet been reported. Given the lack of evidence in this area, recently published
guidelines by the NCCN [4] and the ABS [8] favor the use of EBRT + brachytherapy rather
than brachytherapy alone for these men. These guidelines are consistent with data from
an NCDB analysis in which men with UIR disease treated with supplemental EBRT had
improved survival compared to those treated with brachytherapy alone6, although other
institutional studies suggest no impact of additional EBRT on survival [24–26]. Extending
brachytherapy monotherapy as an effective option for UIR disease, which has a disease
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biology similar to high-risk disease [27], would potentially reduce late grade 2–3 toxicity
and improve QOL [28] by eliminating the overtreatment of the pelvis with EBRT.

Second, we provide patient-reported quality of life in the more user-friendly format of
a symptom distress table, in order to complement EPIC global domain scores. Table 4 is
intended to be used as a tool among clinicians and patients to frame expectations of specific
symptoms over time, which can be discussed in the context of other treatment modalities,
similar to the 2-year outcomes from the PROST-QA consortium1. We did not find further
deterioration in patient reported urinary, bowel, or sexual quality of life beyond 2 years, but
it is notable that other long-term studies have reported this possibility [29,30]. A few other
trials and multi-institutional collaborations have published high quality reports regarding
quality of life after prostate cancer therapy. One of the most detailed is a 5-year report from
a prospective, population-based cohort study [12] showing unique quality of life changes
over time for men with favorable intermediate risk prostate cancer treated with various
approaches. In 86 men treated with LDR brachytherapy, clinically meaningful decreases in
quality of life were observed with urinary incontinence, urinary irritative, bowel, and sexual
function when compared to men on active surveillance, although none of these differences
persisted beyond 1 year. In contrast, men undergoing radical prostatectomy reported
longer term changes including inferior sexual function (3 yr) and urinary incontinence
(5 yr), whereas men treated with EBRT had no clinically meaningful decrease in any
measured quality of life domain at any time point when compared to surveillance. In this
context, brachytherapy carries more risk to near-term quality of life than EBRT, which could
be justified by its unique benefits, including the ability to escalate radiation doses and limit
low doses of scatter radiation when compared to EBRT.

The utilization of brachytherapy for prostate cancer has decreased in the United
States from a peak 20 years ago [31]; this is attributable to several factors, including the
increasing acceptance of active surveillance, a more extensive menu of competing thera-
peutic options (including robotic prostatectomy, intensity modulated radiation therapy,
and proton therapy), and, more recently, the proven efficacy and safety of moderately
hypofractioned radiation therapy. Stereotactic body radiation therapy [32], as well as si-
multaneous integrated nodule boosts [33], may further challenge the use of brachytherapy,
as these “nearly-ablative” dose escalation options could offer a better benefit/risk ratio for
some patients compared to the higher doses prescribed in brachytherapy. In our clinical
practice (Supplemental Figure S1), prostate brachytherapy may add value in select areas to
complement the wide range of EBRT indications: (1) it is an excellent alternative to EBRT
or surgery that some men may prefer, considering the relative QOL outcomes [1,12,14];
(2) men with longer life expectancy (e.g., >15 years) may benefit from the improvement in
biochemical control over EBRT achieved with the ablative doses of brachytherapy [34–37]
to reduce the need for salvage therapy after progression; (3) some men at substantial risk
for treatment failure, especially if it is more likely to be local than distant (e.g., moderate to
high volume, Gleason score ≤8 disease), may be better served to accept the QOL risks of
brachytherapy boost rather than those of long term hormonal therapy with abiraterone [38]
when choosing a form of treatment intensification. Ideally, the best choice for any patient
will involve shared decision making, and acknowledge the unique logistics and risks of
brachytherapy, including an increased risk of late irritative /obstructive urinary side effects.

Although this report is limited to LDR brachytherapy, HDR brachytherapy is another
effective option available for the treatment of prostate cancer. Notable differences exist with
regard to the logistical planning and near-term side effect profile between these approaches,
but outcomes reveal similar long-term efficacy, toxicity, and quality of life3. Our institution
has not chosen to convert from LDR to HDR brachytherapy for prostate cancer, as the
benefit/risk ratio has been perceived to be favorable, and the HDR approach may place
more demands on patient and provider time including anesthesia, and requires more
advanced care coordination (e.g., radiation planning, hospital admission, and multiple
implants required for patients treated with monotherapy). However, there are likely to be
advantages with regard to radiation dosimetry, time to resolution of acute side effects, and
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decreased clinician/staff exposure to ionizing radiation; moreover, HDR brachytherapy
obviates the need for radiation precautions to be observed at the time of discharge. Practices
can make informed decisions on which form of brachytherapy is more suitable when
considering the needs of a particular patient population and the staffing and capabilities of
an individual program.

The limitations of this study include the single-institution, non-randomized design,
with patients following a median of 63 months. In contrast to the multi-institutional,
randomized trial RTOG 0232, our series demonstrated a higher rate of 5-year PSA control,
and no detriment of combination EBRT on toxicity or QOL, which could potentially be
due to differences in follow-up length and completeness. As an institutional study in
which all men were treated by a single physician, our results are less certain to translate
to all practices. However, we used a defined treatment algorithm routinely incorporating
endorectal MRI and followed the standard technical approach of LDR brachytherapy that
became widely practiced more than 20 years ago [21]. Our results may also be limited by
the sporadic nature of QOL survey completion follow-up due to the pragmatic approach
in obtaining the QOL data, as many patients completed surveys only once yearly. The
attrition in follow-up may also have limited the chance to reveal associations in post-
implant dosimetry with toxicity or QOL. Finally, pre-treatment MRI was interpreted by
specialized genitourinary radiologists for the presence of EPE, which may be subject to
the experience of the reader [39,40], although with practice, discussion with colleagues
in radiology, and the use of illustrative tools available [41], it is reasonable to expect a
radiation oncologist to improve their fluency in image interpretation.

In summary, the disease and quality of life outcomes shown in this study support
the utilization of LDR brachytherapy for prostate cancer as described in our institutional
treatment paradigm. Pre-treatment MRI, by identification of extraprostatic extension,
is capable of refining selection for men with UIR disease who may be candidates for
monotherapy. Further study is necessary to discover patient or treatment factors which
correlate with increased toxicity or inferior QOL in an effort to further tailor the wide range
of radiotherapeutic treatments available according to the needs of the patient.

Supplementary Materials: The following supporting information can be downloaded at:
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Chicago for prostate cancer management.

Author Contributions: Methodology, T.W. and A.O.; Formal analysis, C.G.M.; Data curation, M.P.;
Writing—original draft, M.P. and S.L.L.; Writing—review & editing, W.T.T., D.A., G.P.Z. and S.L.L.;
Supervision, S.L.L. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board of the University of Chicago
(protocol #14-934A, approved 12 December 2006, most recent renewal through 2/2023).

Informed Consent Statement: Informed consent was obtained from all subjects maintaining ongoing
follow-up involved in the study. Patients not seen in follow-up had a waiver of consent.

Data Availability Statement: To ensure compliance with the existing IRB approval letter and HIPAA
compliance for patients, the full de-identified dataset cannot be made available without prior written
approval from the University of Chicago Hospital IRB. Requests for de-identified data can be made
to the corresponding author.

Conflicts of Interest: The authors declare that they have no conflict of interest.

https://www.mdpi.com/article/10.3390/cancers15041336/s1


Cancers 2023, 15, 1336 11 of 13

References
1. Sanda, M.G.; Dunn, R.L.; Michalski, J.; Sandler, H.M.; Northouse, L.; Hembroff, L.; Lin, X.; Greenfield, T.K.; Litwin, M.S.; Saigal,

C.S.; et al. Quality of Life and Satisfaction with Outcome among Prostate-Cancer Survivors. N. Engl. J. Med. 2008, 358, 1250–1261.
[CrossRef] [PubMed]

2. Wallis, C.J.D.; Zhao, Z.; Huang, L.-C.; Penson, D.F.; Koyama, T.; Kaplan, S.H.; Greenfield, S.; Luckenbaugh, A.N.; Klaassen, Z.;
Conwill, R.; et al. Association of Treatment Modality, Functional Outcomes, and Baseline Characteristics With Treatment-Related
Regret Among Men With Localized Prostate Cancer. JAMA Oncol. 2022, 8, 50. [CrossRef] [PubMed]

3. Zaorsky, N.G.; Davis, B.J.; Nguyen, P.L.; Showalter, T.; Hoskin, P.; Yoshioka, Y.; Morton, G.C.; Horwitz, N.G.Z.E.M. The evolution
of brachytherapy for prostate cancer. Nat. Rev. Urol. 2017, 14, 415–439. [CrossRef] [PubMed]

4. Referenced with Permission from the NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Prostate Cancer,
V.1.2023. © National Comprehensive Cancer Network, Inc. 2023. All Rights Reserved. To View the Most Recent and Complete
Version of the Guideline, Go Online to NCCN.org. Available online: https://www.nccn.org/ (accessed on 11 January 2023).

5. Prestidge, B.R.; Winter, K.; Sanda, M.G.; Amin, M.; Bice, W.S., Jr.; Michalski, J.; Ibbott, G.S.; Crook, J.M.; Catton, C.N.; Gay,
H.A.; et al. Initial report of NRG oncology/RTOG 0232: A phase 3 study comparing combined external beam radiation and
transperineal interstitial permanent brachytherapy with brachytherapy alone for selected patients with intermediate-risk prostatic
carcinoma. Int. J. Radiat. Oncol. 2016, 96, S4. [CrossRef]

6. Andruska, N.; Michalski, J.M.; Carmona, R.; Agabalogun, T.; Brenneman, R.J.; Gay, H.A.; Fischer-Valuck, B.W.; Baumann,
B.C. Assessing the role of external beam radiation therapy in combination with brachytherapy versus brachytherapy alone for
unfavorable intermediate-risk prostate cancer. Brachytherapy 2022, 21, 317–324. [CrossRef]

7. Jani, A.B.; Feinstein, J.M.; Pasciak, R.; Krengel, S.; Weichselbaum, R.R. Role of external beam radiotherapy with low-dose-rate
brachytherapy in treatment of prostate cancer. Urology 2006, 67, 1007–1011. [CrossRef] [PubMed]

8. King, M.T.; Keyes, M.; Frank, S.J.; Crook, J.M.; Butler, W.M.; Rossi, P.J.; Cox, B.W.; Showalter, T.N.; Mourtada, F.; Potters, L.; et al.
Low dose rate brachytherapy for primary treatment of localized prostate cancer: A systemic review and executive summary of an
evidence-based consensus statement. Brachytherapy 2021, 20, 1114–1129. [CrossRef]

9. Nag, S.; Beyer, D.; Friedland, J.; Grimm, P.; Nath, R. American Brachytherapy Society (ABS) recommendations for transperineal
permanent brachytherapy of prostate cancer. Int. J. Radiat. Oncol. Biol. Phys. 1999, 44, 789–799. [CrossRef]

10. Nag, S.; Bice, W.; DeWyngaert, K.; Prestidge, B.; Stock, R.; Yu, Y. The American Brachytherapy Society recommendations for
permanent prostate brachytherapy postimplant dosimetric analysis. Int. J. Radiat. Oncol. Biol. Phys. 2000, 46, 221–230. [CrossRef]

11. Davis, B.J.; Horwitz, E.M.; Lee, W.R.; Crook, J.M.; Stock, R.G.; Merrick, G.S.; Butler, W.M.; Grimm, P.D.; Stone, N.N.; Potters, L.;
et al. American Brachytherapy Society consensus guidelines for transrectal ultrasound-guided permanent prostate brachytherapy.
Brachytherapy 2012, 11, 6–19. [CrossRef]

12. Hoffman, K.E.; Penson, D.F.; Zhao, Z.; Huang, L.-C.; Conwill, R.; Laviana, A.A.; Joyce, D.D.; Luckenbaugh, A.N.; Goodman, M.;
Hamilton, A.S.; et al. Patient-Reported Outcomes Through 5 Years for Active Surveillance, Surgery, Brachytherapy, or External
Beam Radiation With or Without Androgen Deprivation Therapy for Localized Prostate Cancer. JAMA 2020, 323, 149–163.
[CrossRef] [PubMed]

13. Chen, R.C.; Basak, R.; Meyer, A.-M.; Kuo, T.-M.; Carpenter, W.R.; Agans, R.P.; Broughman, J.R.; Reeve, B.B.; Nielsen, M.E.;
Usinger, D.S.; et al. Association Between Choice of Radical Prostatectomy, External Beam Radiotherapy, Brachytherapy, or Active
Surveillance and Patient-Reported Quality of Life Among Men With Localized Prostate Cancer. JAMA 2017, 317, 1141–1150.
[CrossRef] [PubMed]

14. Garin, O.; Suárez, J.F.; Guedea, F.; Pont, À.; Pardo, Y.; Goñi, A.; Mariño, A.; Hervás, A.; Herruzo, I.; Cabrera, P.; et al. Comparative
Effectiveness Research in Localized Prostate Cancer: A 10-Year Follow-up Cohort Study. Int. J. Radiat. Oncol. 2020, 110, 718–726.
[CrossRef] [PubMed]

15. Mazariego, C.G.; Egger, S.; King, M.T.; Juraskova, I.; Woo, H.; Berry, M.; Armstrong, B.K.; Smith, D.P. Fifteen year quality of
life outcomes in men with localised prostate cancer: Population based Australian prospective study. BMJ 2020, 371, m3503.
[CrossRef]

16. Lawton, C.A.; Michalski, J.; El Naqa, I.; Buyyounouski, M.K.; Lee, W.R.; Menard, C.; O’Meara, E.; Rosenthal, S.A.; Ritter, M.;
Seider, M. RTOG GU Radiation Oncology Specialists Reach Consensus on Pelvic Lymph Node Volumes for High-Risk Prostate
Cancer. Int. J. Radiat. Oncol. 2009, 74, 383–387. [CrossRef]

17. Kauffmann, G.; Liauw, S.L. The use of Hormonal Therapy to Augment Radiation Therapy in Prostate Cancer: An Update. Curr.
Urol. Rep. 2017, 18, 50. [CrossRef]

18. Liauw, S.L.; Kropp, L.M.; Dess, R.T.; Oto, A. Endorectal MRI for risk classification of localized prostate cancer: Radiographic
findings and influence on treatment decisions. Urol. Oncol. 2016, 34, e15–e21. [CrossRef]

19. Nath, R.; Bice, W.S.; Butler, W.M.; Chen, Z.; Meigooni, A.S.; Narayana, V.; Rivard, M.J.; Yu, Y. AAPM recommendations on dose
prescription and reporting methods for permanent interstitial brachytherapy for prostate cancer: Report of Task Group 137. Med.
Phys. 2009, 36, 5310–5322. [CrossRef]

20. Skolarus, T.A.; Dunn, R.L.; Sanda, M.G.; Chang, P.; Greenfield, T.K.; Litwin, M.S.; Wei, J.T.; Regan, M.; Hembroff, L.; Hamstra, D.;
et al. Minimally Important Difference for the Expanded Prostate Cancer Index Composite Short Form. Urology 2015, 85, 101–106.
[CrossRef]

http://doi.org/10.1056/NEJMoa074311
http://www.ncbi.nlm.nih.gov/pubmed/18354103
http://doi.org/10.1001/jamaoncol.2021.5160
http://www.ncbi.nlm.nih.gov/pubmed/34792527
http://doi.org/10.1038/nrurol.2017.76
http://www.ncbi.nlm.nih.gov/pubmed/28664931
https://www.nccn.org/
http://doi.org/10.1016/j.ijrobp.2016.06.026
http://doi.org/10.1016/j.brachy.2021.12.008
http://doi.org/10.1016/j.urology.2005.11.008
http://www.ncbi.nlm.nih.gov/pubmed/16635512
http://doi.org/10.1016/j.brachy.2021.07.006
http://doi.org/10.1016/S0360-3016(99)00069-3
http://doi.org/10.1016/S0360-3016(99)00351-X
http://doi.org/10.1016/j.brachy.2011.07.005
http://doi.org/10.1001/jama.2019.20675
http://www.ncbi.nlm.nih.gov/pubmed/31935027
http://doi.org/10.1001/jama.2017.1652
http://www.ncbi.nlm.nih.gov/pubmed/28324092
http://doi.org/10.1016/j.ijrobp.2020.12.032
http://www.ncbi.nlm.nih.gov/pubmed/33388360
http://doi.org/10.1136/bmj.m3503
http://doi.org/10.1016/j.ijrobp.2008.08.002
http://doi.org/10.1007/s11934-017-0698-3
http://doi.org/10.1016/j.urolonc.2016.04.014
http://doi.org/10.1118/1.3246613
http://doi.org/10.1016/j.urology.2014.08.044


Cancers 2023, 15, 1336 12 of 13

21. Sylvester, J.E.; Grimm, P.D.; Wong, J.; Galbreath, R.W.; Merrick, G.; Blasko, J.C. Fifteen-year biochemical relapse-free survival,
cause-specific survival, and overall survival following I(125) prostate brachytherapy in clinically localized prostate cancer: Seattle
experience. Int. J. Radiat. Oncol. Biol. Phys. 2011, 81, 376–381. [CrossRef]

22. Henry, A.M.; Al-Qaisieh, B.; Gould, K.; Bownes, P.; Smith, J.; Carey, B.; Bottomley, D.; Ash, D. Outcomes Following Iodine-125
Monotherapy for Localized Prostate Cancer: The Results of Leeds 10-Year Single-Center Brachytherapy Experience. Int. J. Radiat.
Oncol. 2010, 76, 50–56. [CrossRef] [PubMed]

23. Morgan, T.M.; Press, R.H.; Cutrell, P.K.; Zhang, C.; Chen, Z.; Rahnema, S.; Sanda, M.; Pattaras, J.; Patel, P.R.; Jani, A.B.; et al.
Brachytherapy for localized prostate cancer in the modern era: A comparison of patient-reported quality of life outcomes among
different techniques. J. Contemp. Brachyther. 2018, 10, 495–502. [CrossRef] [PubMed]

24. King, M.T.; Chen, M.-H.; Moran, B.J.; Braccioforte, M.H.; Buzurovic, I.; Muralidhar, V.; Yang, D.D.; Mouw, K.W.; Devlin, P.M.;
D’Amico, A.V.; et al. Brachytherapy monotherapy may be sufficient for a subset of patients with unfavorable intermediate risk
prostate cancer. Urol. Oncol. Semin. Orig. Investig. 2018, 36, 157.e15–157.e20. [CrossRef] [PubMed]

25. Merrick, G.S.; Wallner, K.E.; Galbreath, R.W.; Butler, W.M.; Adamovich, E. Is supplemental external beam radiation therapy
essential to maximize brachytherapy outcomes in patients with unfavorable intermediate-risk disease? Brachytherapy 2015, 15,
79–84. [CrossRef] [PubMed]

26. Markovic, E.S.; Buckstein, M.; Stone, N.N.; Stock, R.G. Outcomes and toxicities in patients with intermediate-risk prostate cancer
treated with brachytherapy alone or brachytherapy and supplemental external beam radiation therapy. BJU Int. 2018, 121,
774–780. [CrossRef] [PubMed]

27. Zumsteg, Z.S.; Spratt, D.E.; Pei, I.; Zhang, Z.; Yamada, Y.; Kollmeier, M.; Zelefsky, M.J. A New Risk Classification System
for Therapeutic Decision Making with Intermediate-risk Prostate Cancer Patients Undergoing Dose-escalated External-beam
Radiation Therapy. Eur. Urol. 2013, 64, 895–902. [CrossRef] [PubMed]

28. Bruner, D.W.; Moughan, J.; Prestidge, B.R.; Sanda, M.G.; Bice, W.; Michalski, J.M.; Ibbott, G.S.; Amin, M.; Catton, C.N.; Donavanik,
V.; et al. Patient reported outcomes of NRG oncology/RTOG 0232: A phase III study comparing combined external beam
radiation and transperineal interstitial permanent brachytherapy with brachytherapy alone in intermediate risk prostate cancer.
Int. J. Radiat. Oncol. Biol. Phys. 2018, 102, S2–S3. [CrossRef]

29. Slevin, F.; Sethugavalar, B.; Al-Qaisieh, B.; Bownes, P.; Mason, J.; Smith, J.; Bottomley, D.; Henry, A.M. Ten-year longitudinal
health-related quality of life following iodine-125 brachytherapy monotherapy for localized prostate cancer. J. Contemp. Brachyther.
2020, 12, 540–546. [CrossRef]

30. Miller, D.C.; Sanda, M.G.; Dunn, R.L.; Montie, J.E.; Pimentel, H.; Sandler, H.M.; McLaughlin, W.P.; Wei, J.T. Long-Term Outcomes
Among Localized Prostate Cancer Survivors: Health-Related Quality-of-Life Changes After Radical Prostatectomy, External
Radiation, and Brachytherapy. J. Clin. Oncol. 2005, 23, 2772–2780. [CrossRef]

31. Martin, J.M.; Handorf, E.A.; Kutikov, A.; Uzzo, R.G.; Bekelman, J.E.; Horwitz, E.M.; Smaldone, M.C. The rise and fall of prostate
brachytherapy: Use of brachytherapy for the treatment of localized prostate cancer in the National Cancer Data Base. Cancer 2014,
120, 2114–2121. [CrossRef]

32. Kishan, A.U.; Dang, A.; Katz, A.J.; Mantz, C.A.; Collins, S.P.; Aghdam, N.; Chu, F.-I.; Kaplan, I.D.; Appelbaum, L.; Fuller, D.B.;
et al. Long-term outcomes of stereotactic body radiotherapy for low-risk and intermediate-risk prostate cancer. JAMA Netw. Open
2019, 2, e188006. [CrossRef] [PubMed]

33. Kerkmeijer, L.G.W.; Groen, V.H.; Pos, F.J.; Haustermans, K.; Monninkhof, E.M.; Smeenk, R.J.; Kunze-Busch, M.; de Boer, J.C.J.;
Zijp, J.V.D.V.V.; van Vulpen, M.; et al. Focal Boost to the Intraprostatic Tumor in External Beam Radiotherapy for Patients With
Localized Prostate Cancer: Results From the FLAME Randomized Phase III Trial. J. Clin. Oncol. 2021, 39, 787–796. [CrossRef]
[PubMed]

34. Morris, W.J.; Tyldesley, S.; Rodda, S.; Halperin, R.; Pai, H.; McKenzie, M.; Duncan, G.; Morton, G.; Hamm, J.; Murray, N. Androgen
Suppression Combined with Elective Nodal and Dose Escalated Radiation Therapy (the ASCENDE-RT Trial): An Analysis of
Survival Endpoints for a Randomized Trial Comparing a Low-Dose-Rate Brachytherapy Boost to a DoseEscalated External Beam
Boost for High- and Intermediate-risk Prostate Cancer. Int. J. Radiat. Oncol. Biol. Phys. 2017, 98, 275–285. [CrossRef] [PubMed]

35. Pickles, T.; Keyes, M.; Morris, W.J. Brachytherapy or conformal external radiotherapy for prostate cancer: A single-institution
matched-pair analysis. Int. J. Radiat. Oncol. Biol. Phys. 2010, 76, 43–49. [CrossRef] [PubMed]

36. Smith, G.D.; Pickles, T.; Crook, J.; Martin, A.-G.; Vigneault, E.; Cury, F.L.; Morris, J.; Catton, C.; Lukka, H.; Warner, A.; et al.
Brachytherapy Improves Biochemical Failure–Free Survival in Low- and Intermediate-Risk Prostate Cancer Compared With
Conventionally Fractionated External Beam Radiation Therapy: A Propensity Score Matched Analysis. Int. J. Radiat. Oncol. 2015,
91, 505–516. [CrossRef] [PubMed]

37. Spratt, D.; Zumsteg, Z.S.; Ghadjar, P.; Kollmeier, M.A.; Pei, X.; Cohen, G.; Polkinghorn, W.; Yamada, Y.; Zelefsky, M. Comparison
of high-dose (86.4 Gy) IMRT vs combined brachytherapy plus IMRT for intermediate-risk prostate cancer. BJU Int. 2014, 114,
360–367. [CrossRef] [PubMed]

38. Attard, G.; Murphy, L.; Clarke, N.W.; Cross, W.; Jones, R.J.; Parker, C.C.; Gillessen, S.; Cook, A.; Brawley, C.; Amos, C.L.; et al.
Abiraterone acetate and prednisolone with or without enzalutamide for high-risk non-metastatic prostate cancer: A meta-analysis
of primary results from two randomised controlled phase 3 trials of the STAMPEDE platform protocol. Lancet 2021, 399, 447–460.
[CrossRef]

http://doi.org/10.1016/j.ijrobp.2010.05.042
http://doi.org/10.1016/j.ijrobp.2009.01.050
http://www.ncbi.nlm.nih.gov/pubmed/20005453
http://doi.org/10.5114/jcb.2018.81024
http://www.ncbi.nlm.nih.gov/pubmed/30662471
http://doi.org/10.1016/j.urolonc.2017.11.022
http://www.ncbi.nlm.nih.gov/pubmed/29276060
http://doi.org/10.1016/j.brachy.2015.09.011
http://www.ncbi.nlm.nih.gov/pubmed/26525214
http://doi.org/10.1111/bju.14128
http://www.ncbi.nlm.nih.gov/pubmed/29319919
http://doi.org/10.1016/j.eururo.2013.03.033
http://www.ncbi.nlm.nih.gov/pubmed/23541457
http://doi.org/10.1016/j.ijrobp.2018.06.103
http://doi.org/10.5114/jcb.2020.101686
http://doi.org/10.1200/JCO.2005.07.116
http://doi.org/10.1002/cncr.28697
http://doi.org/10.1001/jamanetworkopen.2018.8006
http://www.ncbi.nlm.nih.gov/pubmed/30735235
http://doi.org/10.1200/JCO.20.02873
http://www.ncbi.nlm.nih.gov/pubmed/33471548
http://doi.org/10.1016/j.ijrobp.2016.11.026
http://www.ncbi.nlm.nih.gov/pubmed/28262473
http://doi.org/10.1016/j.ijrobp.2009.01.081
http://www.ncbi.nlm.nih.gov/pubmed/19570619
http://doi.org/10.1016/j.ijrobp.2014.11.018
http://www.ncbi.nlm.nih.gov/pubmed/25596107
http://doi.org/10.1111/bju.12514
http://www.ncbi.nlm.nih.gov/pubmed/24447404
http://doi.org/10.1016/S0140-6736(21)02437-5


Cancers 2023, 15, 1336 13 of 13

39. Mussi, T.C.; Yamauchi, F.I.; Tridente, C.F.; Tachibana, A.; Tonso, V.M.; Recchimuzzi, D.Z.; Leão, L.R.; Luz, D.C.; Martins, T.; Baroni,
R.H. Interobserver agreement of PI-RADS v. 2 lexicon among radiologists with different levels of experience. J. Magn. Reson.
Imaging 2019, 51, 593–602. [CrossRef]

40. Riney, J.C.; Sarwani, N.E.; Siddique, S.; Raman, J.D. Prostate magnetic resonance imaging: The truth lies in the eye of the beholder.
Urol. Oncol. 2018, 36, 159.e1–159.e5. [CrossRef]

41. Israël, B.; van der Sedelaar, L.M.; Padhani, A.R.; Zámecnik, P.; Barentsz, J.O. Multiparametric Magnetic Resonance Imaging for
the Detection of Clinically Significant Prostate Cancer: What Urologists Need to Know. Part 2: Interpretation. Eur. Urol. 2020, 77,
469–480. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1002/jmri.26882
http://doi.org/10.1016/j.urolonc.2017.12.013
http://doi.org/10.1016/j.eururo.2019.10.024

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	References

