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Background: Low-dose rate (LDR) prostate brachyther-
apy is a recommended treatment of localized prostate
cancer in current guidelines. The study aimed to
determine biochemical relapse-free survival (BRFS) in
patients treated with dynamic real-time low-dose rate
(LDR) brachytherapy using lodine 125 (I'**).
Methods: We retrospectively reviewed 499 patients with
localized prostate cancer treated with I'® LDR real-
time brachytherapy between 2003 and 2021. The mean
patient age was 65 years (range: 45—-84 years). Based on
the National Comprehensive Cancer Network (NCCN)
risk classification, 230 patients (46.1%) were categorized
as low risk, 235 (47.1%) as intermediate risk, and 34
(6.8%) as high risk. Gleason scores were distributed as
follows: 3+3 in 283 cases (56.7%), 3+4 in 157 cases
(31.5%), 4+3 in 46 cases (9.2%), and 4+4 in 13 cases
(2.6%). The mean follow-up was 70.5 months.

Results: Tumor relapse was observed in 47 patients
(9.4%) over a mean follow-up period of 6.26 years (SD
4.16). Local recurrence within the prostate occurred in
20 cases (4%). Patients with nadir PSA <0.2 ng/mL at
5 years of follow-up had a significantly lower incidence
of tumor recurrence (3%) compared to those with a nadir
PSA >0.2 ng/mL (21.9%) (p = 0.0001). Biochemical
relapse-free (BRFS) rates at 5, 10 and 15 years were
96%, 91.5% and 88.9%, respectively. When stratified by
NCCCN risk groups, 5-year BRFS was 96% in low risk,
98% in intermediate risk and 85% in high risk patients
(p = 0.003). In multivariate analysis, only age at the time
of brachytherapy (p = 0.009), initial PSA (p = 0.007)
and Gleason grade (p = 0.007) were significantly associ-
ated with tumor recurrence. Cancer-specific survival and
overall survival were 99.8% and 98.0%, respectively.
Conclusions: LDR with I'® has excellent long-
term oncological outcomes for patients with low and
intermediate-risk prostate cancer, in particular, patients
achieving a nadir PSA <0.2 ng/mL at 5 years
post-treatment.
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Introduction

Prostate cancer is one of the most frequently diag-
nosed malignancies in men and represents a major
global health concern. For patients with localized
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disease, several curative treatment options exist,
including surgery, external beam radiotherapy, and
brachytherapy.' Low-dose-rate (LDR) brachytherapy
with permanent iodine-125 (I'**) seed implanta-
tion has gained widespread acceptance as a highly
effective, minimally invasive treatment modality, par-
ticularly for patients with low- and intermediate-risk
tumors. LDR brachytherapy with I'** is one of the
treatments recommended by the National Compre-
hensive Cancer Network (NCCN) for the treatment of
localized prostate cancer.'
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A significant proportion of patients opt for
LDR brachytherapy due to its favorable side effect
profile—specifically, the lower risk of erectile
dysfunction and urinary incontinence—along with
shorter recovery times and oncological outcomes
that are comparable to, or even better than, those
of radical prostatectomy or external beam radiation
therapy.’

Although robotic-assisted surgery has become
increasingly popular in recent years, it has yet not
demonstrate superior oncological efficacy or func-
tional outcomes compared to existing treatment
modalities.” A pivotal development in the field
occurred in 1995 when Stone and Stock introduced
the technique of dynamic real-time brachytherapy.
This approach significantly improved the precision of
seed placement, enhancing both oncological control
and functional preservation.*

The primary objective of this study was to deter-
mine biochemical relapse-free survival (BREFS) in
patients treated with dynamic real-time low-dose rate
(LDR) brachytherapy using I'**.

Secondary objectives included assessing overall
survival (OS), prostate cancer-specific survival
(PCSS), and identifying independent predictors
of BRFS. Variables analyzed included NCCN risk
group, Gleason score, clinical stage, age, pretreatment
prostate-specific antigen (PSA), prior hormonal
therapy, prostate volume, and radiation dose
delivered to 90% of the prostate (D90).

Materials and Methods

Patient population and initial staging

Between 2003 and 2021, a total of 499 patients with
localized prostate cancer were treated with real-time
dynamic LDR brachytherapy using I'* loose seeds at
Instituto Médico Tecnoldgico and Prostate Institute
Barcelona. The study was approved by the Clinical
Research Ethics Committee at the Hospital Univer-
sitari Vall d’ Hebron, Barcelona (session Number
701).

Clinical staging was performed with an abdomi-
nal computerized axial tomography (CAT) scan, bone
scan and magnetic resonance imaging (MRI). For
patients with a PSA greater than 20 ng/mL, a choline
or prostate-specific membrane antigen positron emis-
sion tomography (PSMA PET) scan was performed to
rule out metastasis.

Risk stratification and treatment protocol
Patients were stratified into risk groups based on
NCCN guidelines.! The low-risk group included
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patients with clinical stage T1c-T2a, PSA <10ng/mL,
and Gleason score 6. The intermediate-risk group
comprised patients with clinical stage T2b, or PSA
between 10 and 20 ng/mL, or Gleason score 7. The
high-risk group included patients with clinical stage
T2c or higher, PSA >20 ng/mL, or Gleason score >8.
In cases where the T2 substage was not specified,
patients with PSA <10 ng/mL and Gleason 6 were
conservatively assigned to the low-risk category to
avoid overestimation of risk.

External beam radiotherapy and hormonal
treatment were offered to patients with high-risk
tumors. Only patients who agreed to be treated with
brachytherapy alone were included in this study. The
majority of patients with high-risk tumors were older
than 75 years.

An overview of patient demographics, clinical
features and risk group distribution is presented
in Table 1.

Neoadjuvant hormonal therapy

Neoadjuvant  treatment  with  bicalutamide
(50 mg/day) was administered to 112 patients (22.4%)
prior to LDR brachytherapy.

Bicalutamide was used in patients with severe
infravesical urinary obstruction (flow rate less than
10 mL/sec). These patients underwent prostate
transurethral resection 2 months before brachyther-
apy to reduce obstruction. It was also used in patients
with prostates larger than 70 mL to avoid interference
from the pubic arch when inserting needles laterally
into the prostate.

Treatment duration with bicalutamide was less
than 3 months in 92.8% of patients.

Brachytherapy Procedure

Prior to the implant day, prostate volume was
assessed using transrectal ultrasound or magnetic
resonance imaging. The number and activity of I'*®
seeds were determined using a nomogram based on
prostate volume.

Patients received a cleansing laxative solution the
evening before and the morning of the procedure
to prepare the rectum. On the day of implantation,
spinal anesthesia combined with intravenous seda-
tion was administered. The rectum was irrigated with
saline solution to remove any residual fecal matter. A
14F Foley catheter was inserted to aid in the visual-
ization of the urethra during treatment planning.

All implants were performed using a dynamic
real-time technique with loose I'** seeds (Bard™, now
part of BD, Athens, TX, USA) delivered via a Mick™
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TABLE 1. Clinical characteristics and pretreatment risk factors

Variable Value
Age (years) Mean: 65.60 (range 45.00-84.00, SD 7.72)
<60 years 125 (25.1%)
60-70 years 227 (45.5%)
>70 years 147 (29.5%)
Gleason Score
3+3 283 (56.7%)
3+4 157 (31.5%)
4+3 46 (9.2%)
4+4 13 (2.6%)
Prostate Volume (cc) Mean: 40.76 (range 12.00-98.00, SD 14.21)
>50 cc 104 (20.8%)
Pretreatment PSA (ng/mL) Mean: 7.32 (range 1.20-48.00, SD 4.32)
NCCN Risk Group
Low 230 (46.1%)
Intermediate 235 (47.1%)
High 34 (6.8%)
Neoadjuvant Bicalutamide 112 (22.4%)

applicator (Mick Radio-Nuclear Instruments Inc.,
Bronx, NY, USA). The minimum prescribed periph-
eral dose was 160 Gy. All procedures were carried
out by a consistent multidisciplinary team compris-
ing a medical physicist, a radiation oncologist, and
a urologist.

Patients were placed in the lithotomy position.
Transverse ultrasound images were obtained at 5-mm
intervals from the base to the apex of the prostate
using a biplanar probe (BK™ Medical Aps, Her-
lev, Denmark). These images were imported into the
VariSeed™ treatment planning system (Varian Medi-
cal Systems, Palo Alto, CA, USA), version 7.0 (before
2008) or version 8.0 (after 2008). The prostate, ure-
thra, and rectum were contoured on the ultrasound
images. Using the real-time module in the Variseed™,
an initial plan for needle placement and seed dis-
tribution was obtained and optimized to meet the
dosimetry goals: a minimum prostate dose (D100) of
160 Gy, maximum rectal dose of 90 Gy, and maxi-
mum urethral dose below 220 Gy. The volume of the
prostate receiving more than 150% of the prescribed
dose was monitored.

After placement of peripheral needles, new ultra-
sound images were acquired. Prostate, rectum, and
urethra contours were updated to account for
intraoperative changes such as prostate swelling,
hematomas, or shifts in position due to needle
insertion.

Each source was implanted under direct continu-
ous ultrasound guidance, and dose calculations were
updated in real-time. The actual position of each
radioactive source was recorded in the treatment
planning system.

All procedures were performed in the afternoon.
Patients remained under observation overnight and
were discharged the following morning after removal
of the urinary catheter.

Follow-up

One month after implantation, a computed tomogra-
phy (CT) scan was performed, and the images were
imported into the VariSeed™ treatment planning
system software for post-plan dosimetry analysis.
The prostate, urethra, bladder, rectum, and semi-
nal vesicles were contoured. The radioactive sources
were identified, and the final dose distribution was
calculated.

The following dose volume histogram (DVH)
parameters were recorded: D90 (minimum dose
received by 90% of the prostate), V100 (volume receiv-
ing 100% of the prescribed dose), and V150 (volume
receiving 150% of the prescribed dose). For the organs
at risk we recorded the maximum dose received to
0.1cc of the urethra, DO0.1cc, the length of the urethra
receiving more than 220 Gy, and the maximum dose
to the rectum (D0.1cc) and the rectal volume receiving
more than 90 Gy.
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Clinical follow-up was conducted at baseline (pre-
implantation) and at 3, 6, 12, 24, 48, and 60 months,
post-treatment. After 5 years, patients were con-
trolled yearly. PSA determination was performed at
each visit.

No patients received adjuvant hormonal ther-
apy or external beam radiation therapy following
brachytherapy. Tamsulosin was routinely prescribed
postoperatively for a minimum of three months
following implantation to relieve lower urinary
tract symptoms.

Biochemical recurrence was defined according to
the Phoenix definition of nadir 4+-2 ng/mL, with PSA
bounces excluded from recurrence classification.” In
cases of biochemical recurrence, defined according to
the Phoenix criteria, functional imaging with choline
or PSMA PET/CT was performed to localize the site
of relapse. If intra-prostatic recurrence was suspected,
a confirmatory prostate biopsy was performed.

At the time of last clinical follow-up, patients were
categorized into 6 outcome groups: 1—alive without
recurrence; 2—alive with recurrence; 3—dead with-
out cancer; 4—dead by prostate cancer; 5—alive with
another cancer; 6—dead from another cancer.

Statistical analysis

All clinical data were entered into a Microsoft Excel
database and analyzed using STATA™ (StataCorp
LLC, College Station, TX, USA) version 18. For con-
tinuous variables, measures of center and dispersion
(mean, median, and standard deviation) were cal-
culated. The Shapiro-Willk test was then applied to
assess normality.

For categorical variables, absolute and percentage
distributions were calculated. Continuous variables
were compared using the Student ¢ test or Mann-
Whitney test (depending on whether normality was
met), and associations between categorical variables
were determined using the Fisher exact test or chi-
square test.

BRES, CSS, and OS were calculated using the
Kaplan-Meier method. Differences between Kaplan-
Meier curves and comparisons between groups were
examined using the log-rank test. Overall survival
was measured from the date of implantation to the
date of death from any cause.

Univariate and multivariate logistic regression
analyses were performed to identify independent
predictors of biochemical recurrence. Variables
included in the models were: age, pre-treatment
PSA, prostate volume, Gleason score, NCCN risk
group, neoadjuvant hormonal therapy, prior prostate
surgery, and D90.
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In addition, a multivariate Cox proportional haz-
ard regression analysis was conducted to evaluate
factors associated with BRFS. Variables included
were: clinical stage, Gleason score, age, pre-treatment
PSA, D90, prostate volume, and the use of neoadju-
vant hormonal therapy. All tests were two-sided, and
a p < 0.05 was considered statistically significant.

Results

At four weeks, post-implantation, post-plan dosime-
try showed D90 < 140 Gy in 58 patients (11.9%),
141-160 Gy in 173 patients (35.4%), and >160 Gy in
258 patients (52.7%). Post-plan CT-based dosimetry
was not performed in 9 patients (1.8%).

The mean follow-up duration was 70.47 months
(range: 1-240 months SD 48.88). A follow-up period
of at least 60, 90, and 120 months was available in 259
(52%), 135 (27%), and 88 (18%) patients, respectively.

Tumor recurrence was observed in 47 patients
(9.4%) at a mean time to recurrence of 6.26 years
(SD: 4.16). The most common sites of recurrence were
the prostate, bones, and iliac lymph nodes, as shown
in Figure 1. Prostate recurrence was observed in 20
cases (4%), which is considered a true local recurrence
post-brachytherapy.

By the 4th and 5th year of follow-up, 71.7 and
86.8% of cases respectively had reached a PSA nadir
<0.2 ng/mL. Recurrence occurred only in 3.0% of
cases with a PSA nadir of <0.2 ng/mL, compared to
21.9% of cases with a PSA nadir >0.2 ng/mL. The
difference was statistically significant (p = 0.0001)
(Figure 2).

The overall BRFS at 5, 10, and 15 years were
96%, 92%, and 91%, respectively (Figure 3a). When
stratified by Gleason score (Figure 3b), patients with
Gleason score 343 had BRFS rates of 96% and 95% at
5 and 10 years, respectively. In cases with a Gleason
score 3+4, BRFS rates were 98% and 94% at 5 and 10
years, respectively. For Gleason score 44-3, BRFS rates
of 93% and 87% at 5 and 10 years, while for Gleason
score 4+4, BRFS rates at 5 and 10 years were 69%
and 62%, respectively. Differences were statistically
significant (p = 0.0001).

Stratification by NCCN risk group showed that
the 5-year BRFS was 96% in the low-risk group,
98% in the intermediate-risk group, and 85% in the
high-risk group. At 10 years, BRFS was 95% for the
low-risk group and 87% for the intermediate risk
group (Figure 3¢c). The differences were statistically
significant (p = 0.003).

An analysis of BRFS according to post-implant
D90 showed recurrence in 17.2% of cases with D90
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FIGURE 2. Incidence of tumor recurrence in patients with PSA nadir above or below 0.2 ng/mL (p = 0.0001)

< 140 Gy, 9.2% in those with D90 between 141 Gy
and 160 Gy and 7.4% in those with D90 > 160 Gy
( ). Although this trend suggests improved
outcomes with higher D90, the difference did not
reach statistical significance (p = 0.063).

Regarding pretreatment PSA ( ), recur-
rence was observed in 8% of patients with PSA 4-10
ng/mL, 19% of those with PSA between 10.1-20
ng/mL, and 20.0% in those with PSA >20 ng/mL.
This difference was statistically significant (p = 0.020).

Multivariate analysis using Cox regression iden-
tified Gleason score, age, and pre-treatment PSA as

independent prognostic factors for tumor recurrence
( ). The D90 was not found to be a significant
predictor of tumor recurrence either when analyzed
as a dichotomous variable (<180 vs. >180 Gy) or
categorized into three levels (<140 Gy, 141-160 Gy,
and >160 Gy).

At the time of final follow-up, two patients
had been lost to follow-up. Among the remaining
497 patients followed up, five had died from non-
cancerous causes, one had died from prostate cancer,
and four had died from other cancers. The OS in the
series was 98.0%.
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FIGURE 3. Kaplan-Meier recurrence-free survival curves. (a) global; (b) recurrence-free survival according to
Gleason score (p = 0.0001); (c) recurrence-free survival according to risk group (p = 0.003)
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Atotal of 453 patients (91.0%) were free of prostate
cancer or had died from other causes. Only one
patient died as a direct result of prostate cancer,
resulting in a PCSS rate of 99.8%.

Discussion

Over the years, seed implantation techniques have
evolved significantly. Early procedures relied on a
pre-planning technique, where ultrasound images
were acquired several days before implantation.
This approach made it difficult to replicate prostate

positioning accurately on the treatment day, leading
to suboptimal seed placement.”

In contrast, the dynamic real-time technique,
introduced in the mid-to-late 1990s, integrates plan-
ning and implantation during the same surgical
procedure, so the changes produced in the prostate by
the placement of peripheral needles can be adjusted
immediately before implanting the sources.” This
ensures more accurate seed localization under real-
time ultrasound guidance. The result is improved
dosimetry accuracy, with a more consistent delivery
of the prescribed dose and notably higher BRFS at
5-8 years of follow-up (95%-97%) compared to the
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TABLE 2. Multiple Cox proportional hazards regression analysis of
factors associated with tumor recurrence

Clinical characteristics Wald
Stage (ref. T1c) 3.966
T2a 0.450
T2b 0.034
T2c 0.011
Gleason (ref. 3+3) 12.220
3+4 11.249
443 7.467
4+4 2.634
Age (years.ref. <60) 9.421
60-70 8.103
>70 4.759
PSA preBT 7.200
D90 0.261
Prost Vol.(cc) 0.089
Hormonal treat. 1.210

p-value Exp(B) 95.0% CI
Lower Upper

0.265

0.502 0.598 0.133 2.688
0.853 1.162 0.238 5.673
0.915 1.094 0.209 5.740
0.007

0.001 0.164 0.057 0.472
0.006 0.220 0.074 0.651
0.105 0.371 0.112 1.229
0.009

0.004 0.294 0.126 0.683
0.029 0.460 0.229 0.924
0.007 1.065 1.017 1.116
0.610 0.997 0.983 1.010
0.765 0.996 0.974 1.020
0.271 1.526 0.719 3.239

pre-planning approach (70%-91%).””'' Moreover, the
dynamic real-time technique enables a higher pre-
scribed dose (160 Gy) without increasing urethral or
rectal toxicity, whereas pre-planning protocols were
limited to approximately 145 Gy.

Many earlier studies were heterogeneous, mixing
different techniques (pre-planning and real-time) or
seed types (stranded and loose),'"'* which compli-
cated outcome comparison.

The distinguishing feature of our series is its
methodological consistency: all 499 patients received
dynamic real-time implantation with loose 1251 seeds
at 160 Gy, in a standardized prospective protocol.

Several studies have shown that the real-time
implantation technique offers higher BRFS rates at 5
years after treatment than the p re-planning technique
(70%-91% vs. 95%-97%), although the differences
were not statistically significant.'*'*"*

Interestingly, in our cohort, the intermediate-risk
NCCN group showed better BRFS outcomes than the
low-risk group, a finding that may be influenced by
patient selection, sample size, or other unaccounted
clinical variables, and which should therefore be
interpreted with caution.

In order to compare the results of prostate can-
cer treatment with radical surgery vs. brachytherapy,
Taussky et al. and Soyano et al. have shown that
PSA level <0.2 ng/mL should be considered as an
indicator of cure after brachytherapy instead of using
the Phoenix definition.">'*

In our series, 71.7% and 86.8% of cases had a nadir
PSA <0.2 ng/mL after 4 and 5 years of follow-up,
respectively. The incidence of tumor recurrence was
significantly lower in cases with a nadir PSA <0.2
ng/mL (3.0%) compared to cases with a nadir PSA
>0.2 ng/mL (21.9%). In our study, the BRFS rate in
patients with a nadir PSA <0.2 ng/mL was 97%.
These data are consistent with other series showing
that 10-year BRFS ranges from 96.9% to 98.7% in
cases with PSA nadir <0.2 ng/mL."" A study of
14,220 patients with localized prostate cancer treated
with low-dose brachytherapy showed that 98.7% of
cases with nadir PSA <0.2 ng/mL were free from
recurrence after 10 years of follow-up.”

In our study, tumor recurrence was observed in
47 patients (9.4%), a figure similar to other recent
studies, such as Pons et al.'' in Spain with 10.2%,
Langley et al.”* in the United Kingdom, and Schubert
et al.” in Germany with tumor recurrence in 7.4%
and 6.7%, respectively. Prostate tumor recurrence,
which constitutes a local recurrence of treatment, was
observed in 4% of patients in our series, a percentage
similar to other recently published series with local
recurrence in 3.3%—4.8% of cases.'"”’

Early work by Stock and Stone in 2002 highlighted
the importance of post-implant CAT scan dosimetry,
showing that D90 > 140 Gy correlated with superior
disease control.” Our data showed a non-significant
trend toward lower recurrence rates with increasing
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D90, but statistical significance was not reached, echo-
ing mixed findings from Morris et al., who also did
not find a correlation between the D90 value and
the presence of recurrence and Tanaka et al., who
observed that a D90 > 180 Gy was associated with
a lower incidence of biochemical recurrence.”>* The
incidence of tumor recurrence was higher in cases
with pre-treatment PSA level > 10 ng/mL, and the
differences were statistically significant (p = 0.020).

In our series, the 5-year BRFS rate was 96%, which
is comparable to that reported in earlier studies, such
as Zelefsky et al.”® in 2007 (98%) and Morris et al.”
in 2013 (96.7% at 5 years and 94.1% at 10 years).
Similar outcomes have also been observed in more
recent series, including Peacock et al.”” in 2017 (95%),
Chao et al.” in 2018 (95%), Pons et al."* in 2018 (92.7%
at 5 years), and Amstrong et al.”” in 2024 (94% at 8
years). Stratified by risk group, we observed 5-year
BRFS rates of 96%, 98%, and 85% in low, intermediate,
and high risk groups, respectively (p = 0.003). These
results are comparable to those obtained by other
series.”>"!

Multivariate Cox regression analyses identified
age, Gleason score, and baseline PSA as independent
prognostic factors for tumor recurrence, consistent
with Prada et al.’s results.”

PCSS reached 99.8%, similar to that reported by
Amstrong et al.” (99.4%), Langley et al.* (99%),
Yaxley et al.'” (98%), and Fellin et al.” (98%).

Conclusions

Our findings confirm that real-time dynamic LDR
brachytherapy using loose I'** seeds offers excel-
lent long-term oncological outcomes in patients with
localized prostate cancer, particularly those with
low and intermediate-risk disease. The BRFS rates
observed at 5,10 and 15 years, combined with a PCSS
of 99.8%, support its role as an effective and mini-
mally invasive alternative to radical prostatectomy.

A notable strength of our study is the unifor-
mity of treatment technique across all patients, with
standardized implantation and dosimetry protocols.
The majority of patients (86.8%) achieved a nadir
PSA <0.2 ng/mL within five years, and this sub-
group showed significantly lower recurrence rates
(3%) compared to those with higher PSA nadir values
(21.9%). These results align with emerging evidence
suggesting that a nadir PSA <0.2 ng/mL may be
a more accurate surrogate for long-term cure of
patients treated with LDR brachytherapy than the
Phoenix definition.

Although tumor recurrence was rare overall,
younger patients (<60 years old) demonstrated bet-
ter disease control, suggesting that age may be
an independent prognostic factor. While dosime-
try thresholds such as D90 > 160 Gy showed a
trend toward improved outcomes, this did not reach
significance in our cohort.

Real-time dynamic LDR brachytherapy is a highly
effective and safe modality for the treatment of local-
ized prostate cancer, achieving durable tumor control
with minimal morbidity, and should be considered a
first-line option in appropriately selected patients.
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