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Abstract 
Purpose: To evaluate the oncological outcomes and genitourinary and gastrointestinal adverse events in acute and 

late-phases of iodine-125 low-dose-rate brachytherapy for localized prostate cancer. 
Material and methods: We retrospectively evaluated 334 patients treated for localized prostate cancer with low-

dose-rate brachytherapy. Bio-chemical relapse-free survival, cause-specific survival, and overall survival were evalu-
ated using Kaplan-Meier method and log-rank test. Incidence of adverse events was calculated using National Cancer 
Institute common terminology criteria for adverse events, version 5. Logistic regression was used to identify indepen-
dent predictors of acute and late-phase genitourinary and gastrointestinal adverse events. 

Results: National Comprehensive Cancer Network’s low-, intermediate-, and high-risk groups included 133 (39.8%), 
163 (48.8%), and 38 (11.3%) patients, respectively. The 5-year cause-specific survival rate was 100%. The 5-year 
bio-chemical relapse-free survival rates for the low-, intermediate-, and high-risk groups were 98.3%, 95.8%, and 
100%, respectively. One patient had a ≥ grade 3 acute adverse event. The 5-year cumulative ≥ grade 1, ≥ grade 2, and  
≥ grade 3 genitourinary adverse event rates were 27.9%, 14.4%, and 0.5%, respectively. The 5-year cumulative ≥ grade 1,  
≥ grade 2, and ≥ grade 3 gastrointestinal adverse event rates were 3.1%, 1.5%, and 0.5%, respectively. A high pre-treat-
ment international prostate symptom score and non-use of α1-blockers were associated with an increased risk of acute 
genitourinary adverse events. 

Conclusions: Low-dose-rate brachytherapy had good oncological outcomes, with acceptable adverse event rates. 
Pre-treatment urinary function and use of α1-blockers may be useful in predicting and preventing acute genitourinary 
adverse events. 
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Purpose 
Prostate cancer (PCA) is the second most common 

cause of new cancer diagnoses, and the fifth most com-
mon cause of cancer-specific deaths among men world-
wide [1]. Similar results have been reported in Japanese 
men [2]. 

Iodine-125 (125I) low-dose-rate brachytherapy (LDB) 
is a  well-established treatment for clinically localized 
PCA. LDB can be performed with a  short hospitaliza-
tion period, and is convenient for early return to daily 
life and social activities. LDB is an effective treatment for 

localized PCA not only in low-risk, but also in intermedi-
ate- and high-risk patients [3, 4]. Oncological outcomes, 
adverse events, and treatment-related changes in quali-
ty of life (QoL) are important factors in treatment deci-
sion-making. Many investigators have reported that clin-
ically localized PCA treated with LDB showed favorable 
oncological outcomes [4, 5], less severe toxicity [6], and 
less negative impact on long-term QoL [7, 8]. 

Our institution, a  core hospital for regional medical 
care, provides a wide range of treatments for urological 
malignancies, and performs LDB in about 50 cases per 
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year, one of the highest numbers in Japan. We have per-
formed LDB with or without external beam radiotherapy 
(EBRT) for about 400 patients with localized PCA since 
March 2007. Clinical outcomes of LDB are not widely 
reported in Asia, including Japan. Therefore, it is mean-
ingful to report the clinical outcomes at our institution, 
which has a relatively large number of patients. Previous-
ly, we reported on QoL after LDB for localized PCA [9]. 

The purpose of this study was to retrospectively eval-
uate the oncological outcomes and genitourinary (GU) 
and gastrointestinal (GI) adverse events in acute and late 
phases of LDB with and without EBRT for localized PCA 
in a single Japanese institution. 

Material and methods 
Patients 

Three hundred and fifty-two patients were treated 
with LDB for clinically localized PCA between March 
2007 and August 2018 at the authors’ University Hospi-
tal. In this retrospective study, patients with a follow-up 
period of less than 24 months and those whose longitu-
dinal prostate-specific antigen (PSA) levels or adverse 
events could not be assessed were excluded. Based on the 
exclusion criteria, 18 patients (5.1%) were disqualified, 
and 334 patients (94.9%) were eligible for this study. 

Treatments 

Patients were classified into risk groups according to 
the National Comprehensive Cancer Network (NCCN) 
risk criteria [10]: low-risk was defined as clinical T-stage 
T1-2a, PSA level < 10 ng/ml, and a Gleason score (GS) of 6 
(GS6); intermediate-risk was described as clinical T-stage 
T2b-c, PSA level 10-20 ng/ml, and GS7; and high-risk 
was defined as clinical T-stage T3a, PSA > 20 ng/ml, and 
GS8-10. Patients in low- and intermediate-risk groups 
with a GS of 3 + 4 and a biopsy-positive core rate < 33% 
received LDB monotherapy. In contrast, patients in the 
remaining intermediate-risk group obtained additional 
doses of EBRT. Patients in the high-risk group received 
LDB, EBRT, neoadjuvant hormone therapy (NAHT), and 
adjuvant hormone therapy (AHT) for nine months from 
pre-treatment to post-treatment. These patients received 
androgen deprivation therapy and/or anti-androgens, 
such as bicalutamide, as hormone therapy. 

Pathological diagnoses were established by a  quali-
fied pathologist in our institution. We developed a treat-
ment plan three weeks prior to LDB to confirm prostate 
volume and determine number of seeds to be implanted. 
NAHT was administered for 3 months in patients with 
a prostate volume > 40 ml, or trimodality or at the discre-
tion of the attending urologist. 

All implantations were performed using 125I loose 
seeds and a  Mick applicator (Mick Radio-Nuclear In-
struments Inc., NY, USA), and were based on interac-
tive planning and modified peripheral loading methods. 
Treatment plans for the initial 184 patients were gener-
ated using an interplant software (CMS, St. Louis, MI, 
USA), whereas that for the latter 150 patients, VariSeed 
was used (Varian Medical Systems, Palo Alto, CA, USA). 

Prescribed dose was 145 Gy for LDB monotherapy and 
110 Gy for LDB and EBRT combination therapy, followed 
by an additional EBRT of 45 Gy. Dose-volume histograms 
for the prostate, urethra, and rectum were constructed to 
determine minimal dose irradiating 90% of the prostate 
volume (D90), volume of the prostate receiving 100% 
(V100) and 150% (V150) of the prescribed dose, minimal 
dose received by 5% (UD5) and 30% (UD30) of the urethra, 
and percentage of rectal volume that received 100% of the 
prescribed dose (RV100). 

Intra-operative dosimetric parameters for both LDB 
monotherapy and LDB and EBRT combination therapy 
were as follows: prostate V100 > 95%, prostate D90 > 100%, 
and < 130% of the prescribed dose, prostate V150 < 60%, 
and rectal V100 < 1.0 cc. UD30 was set at < 220 Gy and  
< 160 Gy for LDB monotherapy and LDB and EBRT com-
bination therapy, respectively. UD5 was set at < 240 Gy 
for LDB monotherapy, but not for LDB and EBRT com-
bination therapy. Post-implant dosimetric analysis was 
performed using computed tomography and magnetic 
resonance imaging conducted 4-5 weeks after LDB. 

Patients were generally discharged two days after 
implantation. Most patients were prescribed a-blockers 
(e.g., tamsulosin, silodosin, or naftopidil) or a phosphodi-
esterase-5 inhibitor (tadalafil), whereas some patients did 
not receive any medication. Both α-blockers and phos-
phodiesterase-5 inhibitor were continued for a minimum 
of approximately one month until post-implant dosimet-
ric analysis, after which they were continued, modified, 
or discontinued depending on urinary symptoms. EBRT 
was performed at 6-8 weeks after implantation using in-
tensity-modulated radiation therapy (IMRT), with a total 
dose of 45 Gy/25 fractions. IMRT radiation field covered 
the prostate and seminal vesicles. 

Follow-up and outcome measurements 

Baseline patient characteristics, treatment-related fac-
tors, and dosimetry factors were collected from medical 
records. Post-treatment follow-up was done every three 
months for the first two years, every six months for the 
next five years, and every year for the next ten years. Fol-
low-up assessments were performed with blood tests, in-
cluding PSA, physical examination, QoL assessment, and 
adverse event assessment. Patient comorbidities were 
assessed using age-adjusted Charlson comorbidity index 
(ACCI) [11]. 

Incidences of acute and late genitourinary (GU) and 
gastrointestinal (GI) adverse events were determined us-
ing National Cancer Institute common terminology crite-
ria for adverse events, version 5 (NCI CTCAE v.5.0) [12]. 
GU adverse events included urinary frequency, painful 
urination, hematuria, and urinary retention. GI adverse 
events consisted of anal pain and rectal bleeding. Acute 
and late-phase adverse events were defined as symptoms 
occurring within three months and after 12 months after 
LDB, respectively. International prostate symptom score 
(IPSS) was used to assess lower urinary tract symptoms. 
In addition to the total IPSS, voiding score, storage score, 
and QoL index were also evaluated [13]. Disease-specific 
health-related QoL was assessed with University of Cal-
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ifornia Los Angeles prostate cancer index (UCLA-PCI), 
which consists of 20 questions assessing urinary function, 
urinary bother, bowel function, bowel bother, sexual 
function, and sexual bother [14]. 

Statistical analysis 

Baseline characteristics, treatment parameters, and 
dosimetry factors were compared between the two 
groups (monotherapy and EBRT combination therapy) 
using Mann-Whitney U test, χ2 test, and Fisher exact test, 
as appropriate. Shapiro-Wilk test was applied to evalu-
ate the normality of distribution of continuous variables. 
All data were expressed as median (range). Kaplan-Mei-
er method was used to evaluate the bio-chemical re-
lapse-free survival (bRFS), cause-specific survival (CSS), 
and overall survival (OS). bRFS was defined according to 
Phoenix definition [15]. Differences between Kaplan-Mei-
er curves were examined using log-rank test. Univariate 
and multivariate logistic regression analyses were per-
formed to examine independent predictors associated 
with grade ≥ 1 GU and GI adverse events in acute and 
late phases. For multivariate analysis, age, EBRT, NAHT, 
AHT, and factors with a p-value ≤ 0.1 in univariate analy-
sis were selected as variables. All statistical analyses were 
performed using JMP version 15 (SAS Institute Inc., Cary, 
NC, USA). All tests were two-sided, and a p < 0.05 was 
considered statistically significant. 

This retrospective study was approved by the au-
thors’ affiliated institution. Study protocol conformed to 
provisions of Declaration of Helsinki (as revised in For-
taleza, Brazil, October 2013). Informed consent was ob-
tained from all patients involved in this study. 

Results 
Table 1 shows baseline characteristics and treatment 

parameters of the 334 patients. The median age of the 
overall cohort was 68 (50-83) years. The low-, intermedi-
ate-, and high-risk groups consisted of 133 (39.8%), 163 
(48.8%), and 38 (11.3%) patients, respectively. The me-
dian follow-up period was 71 (range, 24-156) months. 
There was no significant difference in baseline IPSS se-
verity and UCLA-PCI urinary function between the LDB 
monotherapy and the EBRT combination therapy groups. 
In contrast, the monotherapy group had a  significantly 
higher UCLA-PCI bowel function than the EBRT group.  
The EBRT combination group was significantly older and 
had a higher ACCI than the LDB monotherapy group. 

Regarding treatment parameters, neoadjuvant 
and adjuvant hormone therapy was administered to  
145 (43.4%) and 38 (11.4%) patients, respectively. All 
adjuvant hormone therapies were administered in the 
EBRT combination group. The monotherapy group had 
a significantly higher use of α1-blockers (71.7% vs. 41.5%,  
p < 0.0001) than the EBRT group. 

Post-implant dosimetric data at 4-5 weeks after LDB 
are shown in Table 2. Regarding dosimetry factors, the me-
dian V100, V150, and D90 were 96.0%, 69.9%, and 164.1 Gy,  
respectively. The median UD5 and UD30 were 225.8 Gy 
and 203.1 Gy, respectively. The median RV100 was 0.15 ml.  

The monotherapy group had significantly higher  
V100 (96.4% vs. 94.9%, p < 0.0001), V150 (71.6% vs. 66.8%, 
p = 0.0001), D90 (171.6 Gy vs. 125.4 Gy, p < 0.0001), UD5 
(237.5 Gy vs. 186.9 Gy, p < 0.0001), and UD30 (217.1 Gy vs. 
159.8 Gy, p < 0.0001) than the EBRT group. Meanwhile, 
there was no significant difference in RV100 between the 
two treatment groups. 

Survival analysis 

The 5-year OS rates for the low-, intermediate-, and 
high-risk groups were 99.2%, 97.1%, and 80.0%, respec-
tively (p = 0.398, Fig. 1A). The cause of all deaths was oth-
er than PCA. The 5-year CSS rate for all risk groups was 
100% (Fig. 1B). The 5-year bRFS rates for the low-, inter-
mediate-, and high-risk groups were 98.3%, 95.8%, and 
100%, respectively (p = 0.087, Fig. 1C). The 5-year bRFS 
rates for the LDB monotherapy, EBRT combination, and 
trimodality groups were 96.4%, 100%, and 100%, respec-
tively (p = 0.262, Fig. 1D). 

GU adverse events 

Regarding acute GU adverse events in all patients, 
most patients had G1 and G2 GU adverse events: 159 
(47.6%) and 63 (18.9%) patients, respectively. Only one 
patient (0.3%) had a  ≥ G3 adverse event. Urinary fre-
quency was the predominant acute GU adverse event. 
The EBRT combination therapy group had a significant-
ly higher number of acute G1 GU adverse events than 
the LDB monotherapy group. With regards to frequen-
cy, the results were different between the two groups. 
The acute G1 frequency was significantly higher in the 
EBRT combination therapy group than in the LDB mono-
therapy group. In contrast, the acute G2 frequency was 
significantly higher in the LDB group. Regarding late 
GU adverse events, frequency and hematuria were pre-
dominant. There was no significant difference in late GU 
adverse events between the LDB monotherapy and the 
EBRT combination therapy groups (Table 3). 

For late GU adverse events in all patients, the 5-year 
cumulative ≥ G1 and ≥ G2 adverse event rates were 27.9% 
and 14.4%, respectively (Fig. 2A, B). The incidence of  
≥ G3 adverse events was only 0.5% (Fig. 2C). There was 
no significant difference in the 5-year cumulative ≥ G1, 
≥ G2, and ≥ G3 late GU adverse events between the LDB 
monotherapy and the EBRT combination therapy groups 
(Fig. 2D-F). 

Multivariate logistic regression analysis identified 
high pre-treatment IPSS and non-use of α1-blockers as 
factors associated with ≥ G1 acute GU adverse events.  
No factor was associated with ≥ G1 late GU adverse events 
in multivariate logistic regression analysis (Table 4). 

GI adverse events 

Regarding acute GI adverse events in all patients, 
most patients had G1 and G2 GI adverse events, including 
11 (3.3%) and 5 (1.5%) patients, respectively. No patient 
had a ≥ G3 adverse event. The EBRT combination thera-
py group had a significantly higher rate of acute G1 and 
G2 GI adverse events compared to the LDB monotherapy 
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Table 1. Patients’ characteristics at baseline 

Variables Total 
(N = 334) 

LDB monotherapy 
(n = 240) 

EBRT combination 
(n = 94) 

p-value 

Age (years), median (range)   68 (50.0-83.0) 68 (50.0-83.0) 72 (51-82) < 0.0001 

BMI (kg/m2), median (range)   24 (15.7-36.1) 24.1 (15.7-36.1) 23.9 (16.9-31.2) 0.399 

Initial PSA (ng/ml), median (range)   6.4 (2.34-135.09) 6 (2.3-20.5) 8.6 (2.9-135.1) < 0.0001 

T stage, n (%)

≤ T2a 295 (88.3) 230 (95.8) 65 (69.2) < 0.0001 

  ≥ T2b 39 (11.7) 10 (4.2) 29 (30.8)  

Gleason score, n (%)

≤ 3 + 4 257 (76.9) 237 (98.8) 20 (21.3) < 0.0001

   ≥ 4 + 3 77 (23.1) 3 (1.2) 74 (78.7)  

NCCN risk classification, n (%)

Low 133 (39.8) 133 (55.4) 0 (0.0) < 0.0001 

  Intermediate 163 (48.8) 105 (43.8) 58 (61.7)  

  High 38 (11.3) 23 (0.8) 36 (38.3)  

Positive core rate (%), median (range)   25 (4.0-100.0) 16.7 (6.3-66.7) 31.5 (4.0-100.0) < 0.0001 

Neoadjuvant hormone therapy, n (%)

Yes 145 (43.4) 80 (33.3) 65 (69.2) < 0.0001 

  No 189 (56.6) 160 (66.7) 29 (30.9)  

Adjuvant hormone therapy, n (%)

Yes 38 (11.4) 0 (0.0) 38 (40.4) < 0.0001 

  No 296 (88.6) 240 (100.0) 56 (59.6)  

Baseline IPSS, n (%)

≥ Moderate 193 (58.1) 99 (41.6) 40 (42.6) 0.902 

  Mild 139 (41.9) 139 (58.4) 54 (57.4)  

UCLA-PCI baseline urinary function, median (range) 100 (43.2-100.0) 100 (46.6-100.0) 100 (43.2-100.0) 0.142 

UCLA-PCI baseline bowel function, median (range) 75 (20.8-93.8) 75 (20.8-93.8) 75 (28.8-83.3) 0.002 

Use of a1-blockers, n (%)

Yes 211 (63.2) 172 (71.7) 39 (41.5) < 0.0001 

No 123 (36.8) 68 (28.3) 55 (58.5)  

Use of PDE5i, n (%)

Yes 91 (27.2) 42 (17.5) 49 (52.1) < 0.0001 

  No 243 (72.8) 198 (82.5) 45 (47.9)  

Use of anticoagulants or antiplatelet agents, n (%)

Yes 57 (17.1) 31 (12.9) 26 (27.7) 0.002 

  No 277 (82.9) 209 (87.1) 68 (72.3)  

Hemorrhoids, n (%)

Yes 22 (6.6) 14 (5.8) 8 (8.5) 0.461 

  No 312 (93.4) 226 (94.2) 86 (91.5)  

ACCI, n （%）

≤ 3 130 (38.9) 112 (46.7) 18 (19.2) < 0.0001 

  > 3 204 (61.1) 128 (53.3) 76 (80.8)  

Follow-up in months, median (range)   71 (24.0-156.0) 83 (24.0-156.0) 42 (24-108) < 0.0001 

LDB – low-dose-rate brachytherapy, BMI – body mass index, PSA – prostate-specific antigen, NCCN – National Comprehensive Cancer Network, EBRT – external 
beam radiotherapy, IPSS – international prostate symptom score, UCLA-PCI – University of California Los Angeles prostate cancer index, PDE5i – phosphodiesterase- 
5-inhibitor, ACCI – age-adjusted Charlson comorbidity index 
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Table 2. Statistics for dosimetric data 

Variables Total  
(N = 334) 

LDB monotherapy  
(n = 240) 

EBRT combination  
(n = 94) 

p-value 

Prostate volume (ml), median (range) 26.4 (11.1-48.7) 27.8 (11.3-48.7) 23.2 (11.1-44.2) < 0.0001 

Number of seeds, median (range) 73.0 (34.0-110.0) 75.0 (45.0-110.0) 55.0 (34.0-85.0) < 0.0001 

V100 (%), median (range) 96.0 (75.3-100.0) 96.4 (84.3-100.0) 94.9 (75.3-99.9) 0.0003 

V150 (%), median (range) 69.9 (34.3-97.6) 71.6 (41.0-97.6) 66.8 (34.3-87.5) 0.0001 

D90 (Gy), median (range) 164.1 (51.8-254.8) 171.6 (126.2-254.8) 125.4 (51.8-155.9) < 0.0001 

UD5 (Gy), median (range) 225.8 (132.0-397.6) 237.5 (150.1-397.6) 186.9 (132.0-329.8) < 0.0001 

UD30 (Gy), median (range) 203.1 (117.4-330.6) 217.1 (128.6-330.6) 159.8 (117.4-217.0) < 0.0001 

RV100 (ml), median (range) 0.15 (0.0-2.75) 0.15 (0.0-2.8) 0.16 (0.0-1.3) 0.717 

V100 – prostate volume receiving 100% of prescribed minimal dose, V150 – prostate volume receiving 150% of prescribed minimal dose, D90 – minimal dose received 
by 90% of prostate, UD5 – minimal dose received by 5% of urethra, UD30 – minimal dose received by 30% of urethra, RV100 – volume of rectum receiving 100% of 
prescribed dose

Fig. 1. Oncologic outcomes. Kaplan-Meier curves for A) OS, B) CSS, C) bRFS by NCCN risk, and D) treatment type. Percentage sur-
vival estimates (number at risk) at 5 years after implantation. Differences between Kaplan-Meier curves were tested using log-rank test 
OS – overall survival, CSS – cause-specific survival, bRFS – bio-chemical relapse-free survival, NCCN – National Comprehensive Cancer Network,  
LDB – iodine-125 low-dose-rate brachytherapy, EBRT – external beam radiotherapy
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	 5-year OS
 Low	 99.2%
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 Low	 98.3%
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 High	 100% 

	 5-year CSS
 Low	 100%
 Intermediate	 100%
 High	 100%

	 5-year BRFS
 LDB monotherapy	 96.4%
 LDB + EBRT	 100%
 Trimodality	 100% 



Journal of Contemporary Brachytherapy (2022/volume 14/number 2)

Makoto Nakiri, Naoyuki Ogasawara, Hirofumi Kurose, et al.162

group. The rates of acute GI adverse events, such as anal 
pain and rectal bleeding, were equal. The acute G1 and G2 
anal pain were significantly higher in the EBRT combina-
tion therapy group than in the LDB monotherapy group. 

With regards to late GI adverse events, rectal bleeding 
was predominant. There was no significant difference in 
late GU adverse events between the LDB monotherapy 
and the EBRT combination therapy groups (Table 5). 

The 5-year cumulative ≥ G1, ≥ G2, and ≥ G3 late GI 
adverse event rates in all patients were 3.1%, 1.5%, and 
0.5%, respectively (Fig. 3A-C). Rectal bleeding was the 
most frequent late GI adverse event. The EBRT combina-
tion therapy group had a significantly higher number of 
≥ G2 late GI adverse events than the LDB monotherapy 
group. In contrast, there was no significant difference 

in the 5-year cumulative ≥ G1 and ≥ G3 late GI adverse 
events between the LDB monotherapy and the EBRT 
combination therapy groups (Fig. 3D-F). 

No factor was associated with ≥ G1 acute and late GI 
adverse events in multivariate logistic regression analysis 
(data not shown). 

Discussion 
In this study, the oncological outcomes of LDB in 

our institution were very good. Both GU and GI adverse 
event rates were acceptable, and the incidence of seri-
ous adverse events (≥ G3) was extremely low. A simple 
comparison of the present study with previous studies is 
difficult because of inconsistencies in the LDB procedure, 

Table 3. Acute and late genitourinary toxicities 

Adverse events
(CTCAE ver. 5.0) 

Acute (within 3 months) Late (after 12 months) 

Total LDB  
monotherapy 

EBRT  
combination 

p-value   Total LDB  
monotherapy 

EBRT  
combination 

p-value 
 

N (%) n (%) n (%) N (%) n (%) n (%) 

GU 

G0 111 (33.2) 87 (36.2) 24 (25.5) N.S. 237 (70.9) 166 (69.1) 71 (75.5) N.S. 

G1 159 (47.6) 101 (42.1) 58 (61.7) 0.002 51 (15.3) 39 (16.3) 12 (12.8) N.S. 

G2 63 (18.9) 51 (21.3) 12 (12.8) N.S. 43 (12.9) 33 (13.8) 10 (10.6) N.S. 

G3 1 (0.3) 1 (0.4) 0 (0.0) N.S. 3 (0.9) 2 (0.8) 1 (1.1) N.S. 

G4 0 (0.0) 0 (0.0) 0 (0.0) N.S. 0 (0.0) 0 (0.0) 0 (0.0) N.S. 

Urinary frequency                            

G0 142 (42.5) 111 (46.2) 31 (33.0) 0.035 313 (93.7) 222 (92.5) 91 (96.8) N.S. 

G1 143 (42.8) 87 (36.3) 56 (59.6) 0.0002 5 (1.5) 5 (2.1) 0 (0.0) N.S. 

G2 49 (14.7) 42 (17.5) 7 (7.4) 0.024 16 (4.8) 13 (5.4) 3 (3.2) N.S. 

G3 0 (0.0) 0 (0.0) 0 (0.0) N.S. 0 (0.0) 0 (0.0) 0 (0.0) N.S. 

G4 0 (0.0) 0 (0.0) 0 (0.0) N.S. 0 (0.0) 0 (0.0) 0 (0.0) N.S. 

Painful urination                            

G0 284 (85.0) 207 (86.2) 77 (81.9) N.S. 311 (93.1) 221 (92.1) 90 (95.7) N.S. 

G1 42 (12.6) 28 (11.7) 14 (14.9) N.S. 10 (3.0) 12 (5.0) 1 (1.1) N.S. 

G2 8 (2.4) 5 (2.1) 3 (3.2) N.S. 13 (3.9) 7 (2.9) 3 (3.2) N.S. 

G3 0 (0.0) 0 (0.0) 0 (0.0) N.S. 0 (0.0) 0 (0.0) 0 (0.0) N.S. 

G4 0 (0.0) 0 (0.0) 0 (0.0) N.S. 0 (0.0) 0 (0.0) 0 (0.0) N.S. 

Hematuria                        

G0 329 (98.5) 237 (98.8) 92 (97.9) N.S. 276 (82.6) 198 (82.5) 78 (83.0) N.S. 

G1 2 (0.6) 2 (0.8) 0 (0.0) N.S. 38 (11.4) 27 (11.3) 11 (11.7) N.S. 

G2 3 (0.9) 1 (0.4) 2 (2.1) N.S. 20 (6.0) 15 (6.2) 5 (5.3) N.S. 

G3 0 (0.0) 0 (0.0) 0 (0.0) N.S. 0 (0.0) 0 (0.0) 0 (0.0) N.S. 

G4 0 (0.0) 0 (0.0) 0 (0.0) N.S. 0 (0.0) 0 (0.0) 0 (0.0) N.S. 

Urinary retention                        

G0 322 (96.4) 232 (96.7) 90 (95.7) N.S. 329 (98.5) 236 (98.4) 93 (98.9) N.S. 

G1 0 (0.0) 0 (0.0) 0 (0.0) N.S. 0 (0.0) 0 (0.0) 0 (0.0) N.S. 

G2 11 (3.3) 7 (2.9) 4 (4.3) N.S. 2 (0.6) 2 (0.8) 0 (0.0) N.S. 

G3 1 (0.3) 1 (0.4) 0 (0.0) N.S. 3 (0.9) 2 (0.8) 1 (1.1) N.S. 

G4 0 (0.0) 0 (0.0) 0 (0.0) N.S. 0 (0.0) 0 (0.0) 0 (0.0) N.S. 

CTCAE – common terminology criteria for adverse events, GU – genitourinary adverse events, LDB – iodine-125 low-dose-rate brachytherapy, EBRT – external beam 
radiotherapy, N.S. – not significant 
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Fig. 2. Cumulative incidence of late genitourinary adverse events greater than A, D) G1, B, E) G2, and C, F) G3

	 12	 24	 36	 48	 60	 72	 84
Months after implantation

Patients at risk
	 334	 299	 215	 175	 134	 117	 93 

	 12	 24	 36	 48	 60	 72	 84
Months after implantation

Patients at risk
	 334	 333	 278	 234	 189	 156	 124 

	 12	 24	 36	 48	 60	 72	 84
Months after implantation

Patients at risk
	 334	 318	 249	 155	 155	 132	 105 

	 12	 24	 36	 48	 60	 72	 84
Months after implantation

Patients at risk
LDM mono	 240	 213	 171	 149	 122	 111	 90 
LDB + EBRT	94	 86	 44	 26	 12	 6	 4 

	 12	 24	 36	 48	 60	 72	 84
Months after implantation

Patients at risk
LDM mono	 240	 230	 197	 171	 140	 125	 102 
LDB + EBRT	94	 88	 52	 29	 15	 6	 4 

	 12	 24	 36	 48	 60	 72	 84
Months after implantation

Patients at risk
LDM mono	 240	 239	 218	 198	 168	 146	 119 
LDB + EBRT	94	 94	 60	 36	 21	 10	 5 

Log-rank p = 0.941
 LDM mono
 LDB + EBRT

Log-rank p = 0.855
 LDM mono
 LDB + EBRT

Log-rank p = 0.172
 LDM mono
 LDB + EBRT
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Table 4. Univariate and multivariate analysis of predictors associated with acute and late genitourinary toxi-
city greater than G1 

Variables Acute adverse events Late adverse events 

Univariate Multivariate Univariate Multivariate 

OR 95% CI p-value OR 95% CI p-value OR 95% CI p-value OR 95% CI p-value 

Age at implant 1.024 0.991-1.059 0.161 1.018 0.982-1.057 0.334 1.012 0.976-1.050 0.515 1.015 0.978-1.053 0.438 

BMI 1.004 0.930-1.085 0.912         0.968 0.889-1.052 0.449        

Clinical T stage

≥ T2b 2.921 1.318-7.405 0.007 1.936 0.718-5.222 0.192 0.779 0.336-1.652 0.528        

  ≤ T2a 1       1       1              

Initial PSA   1.065 1.005-1.147 0.029 1.042 0.987-1.132 0.290 1.021 0.991-1.068 0.167        

Gleason score

≥ 4 + 3 1.471 0.858-2.584 0.162         0.701 0.375-1.257 0.238        

  ≤ 3 + 4 1               1              

Positive core 
rate  

1.007 0.994-1.020 0.322         1.002 0.989-1.016 0.727        

Prostate 
volume at 
implant  

1.004 0.975-1.034 0.788         0.999 0.968-1.032 0.975        

NAHT

Yes 1.704 1.081-2.709 0.022 1.062 0.607-1.858 0.834 0.856 0.523-1.393 0.534        

  No 1       1       1              

AHT

Yes 1.990 0.942-4.599 0.072 0.888 0.295-2.671 0.833 0.570 0.223-1.275 0.179        

  No 1       1       1              

Number  
of seeds

0.990 0.975-1.004 0.160         1.011 0.995-1.028 0.165        

V100 (%)   0.955 0.885-1.025 0.203         1.117 1.027-1.225 0.009 1.120 0.938-1.356 0.225 

V150 (%)   0.976 0.956-0.995 0.014 0.967 0.933-1.000 0.054 1.030 1.008-1.054 0.006 1.028 0.992-1.067 1.028 

D90 (Gy)   0.992 0.984-0.999 0.044 1.010 0.990-1.032 0.341 1.010 1.001-1.019 0.028 0.983 0.932-1.033 0.519 

UD5 (Gy)   1.002 0.997-1.007 0.414         1.003 0.998-1.008 0.179        

UD30 (Gy)   0.998 0.992-1.003 0.417         1.006 0.996-1.016 0.256        

EBRT

Yes 1.744 1.046-2.972 0.033 1.392 0.445-4.355 0.570 0.757 0.429-1.302 0.319        

  No 1       1       1              

Baseline IPSS

≥ Moderate 1.894 1.193-3.042 0.007 1.704 1.008-2.879 0.047 0.994 0.607-1.617 0.980        

  Mild 1       1       1              

UCLA-PCI 
baseline uri-
nary function  

0.980 0.961-0.998 0.028 0.990 0.969-1.010 0.344 1.007 0.989-1.027 0.461        

Use of PDE5i

Yes 2.788 1.610-5.020 0.0002 0.917 0.339-2.481 0.864                

  No 1       1                      

Use of  
α1-blockers

Yes 0.367 0.219-0.600 < 0.0001 0.374 0.158-0.886 0.025                

  No 1       1                      
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Variables Acute adverse events Late adverse events 

Univariate Multivariate Univariate Multivariate 

OR 95% CI p-value OR 95% CI p-value OR 95% CI p-value OR 95% CI p-value 

Use of anti-
coagulants 
or antiplate-
let-agents

Yes 0.984 0.549-1.800 0.957         1 0.557-1.985 0.878        

  No 1               1              

ACCI

> 3 1.086 0.687-1.711 0.724         0.964 0.590-1.586 0.884        

  ≤ 3 1               1              

BMI – body mass index, PSA – prostate-specific antigen, NAHT – neoadjuvant hormone therapy, AHT – adjuvant hormone therapy, V100 – prostate volume receiving 
100% of prescribed minimal dose, V150 – prostate volume receiving 150% of prescribed minimal dose, D90 – minimal dose received by 90% of prostate, UD5 – minimal 
dose received by 5% of urethra, UD30 – minimal dose received by 30% of urethra, EBRT – external beam radiotherapy, IPSS – international prostate symptom score, 
UCLA-PCI – University of California Los Angeles prostate cancer index, PDE5i – phosphodiesterase-5-inhibitor, ACCI – age-adjusted Charlson comorbidity index 

Table 4. Cont.

hormone therapy, and adverse event evaluation periods 
as well as criteria, such as CTCAE and Radiation Thera-
py Oncology Group criteria. However, considering these 
factors, the results of this study are comparable to those 
of previous studies. 

Several reports have reported favorable oncologic 
outcomes of LDB. The 5-7-year bRFS rates for low-, in-
termediate-, and high-risk groups have been reported to 
be 90.2-98.0%, 83.9-99.1%, and 70.3-88.2%, respectively  
[4, 5, 16, 17]. In this study, the oncological outcomes of 

LBD were comparable to these reports. Additionally, 
the bRFS by NCCN risk and by treatment were not sig-
nificantly different according to log-rank test. Consider-
ing previous ABS recommendations [18], the results of 
dosimetric factors at our institution were favorable. In 
our institution, the quality of treatment was well-main-
tained through the use of recommended techniques and 
high-quality collaboration between the urologist and ra-
diologist. Additionally, appropriate treatment options 
were selected for each patient. 

Table 5. Acute and late gastrointestinal adverse events 

Adverse events 
(CTCAE ver. 5.0) 

Acute (within 3 months) Late (after 12 months) 

Total LDB  
monotherapy 

EBRT  
combination 

p-value   Total LDB  
monotherapy 

EBRT  
combination 

p-value 
 

N (%) n (%) n (%) N (%) n (%) n (%) 

GI

G0 320 (95.8) 235 (97.9) 85 (90.4) 0.004 317 (94.9) 230 (95.9) 87 (92.5) N.S. 

G1 10 (3.0) 4 (1.7) 6 (6.4) 0.030 9 (2.7) 7 (2.9) 2 (2.1) N.S. 

G2 4 (1.2) 1 (0.4) 3 (3.2) 0.044 4 (1.2) 1 (0.4) 3 (3.2) N.S. 

G3 0 (0.0) 0 (0.0) 0 (0.0) N.S. 4 (1.2) 2 (0.8) 2 (2.1) N.S. 

G4 0 (0.0) 0 (0.0) 0 (0.0) N.S. 0 (0.0) 0 (0.0) 0 (0.0) N.S. 

Anal pain                            

G0 325 (97.3) 238 (99.2) 87 (92.6) 0.001 333 (99.7) 240 (100.0) 93 (98.9) N.S. 

G1 7 (2.1) 2 (0.8) 5 (5.3) 0.010 0 (0.0) 0 (0.0) 0 (0.0) N.S. 

G2 2 (0.6) 0 (0.0) 2 (2.1) 0.031 1 (0.3) 0 (0.0) 1 (1.1) N.S. 

G3 0 (0.0) 0 (0.0) 0 (0.0) N.S. 0 (0.0) 0 (0.0) 0 (0.0) N.S. 

G4 0 (0.0) 0 (0.0) 0 (0.0) N.S. 0 (0.0) 0 (0.0) 0 (0.0) N.S. 

Rectal bleeding                          

G0 327 (97.9) 237 (98.3) 91 (96.8) N.S. 318 (95.2) 230 (95.9) 88 (93.7) N.S. 

G1 4 (1.2) 3 (1.3) 1 (1.1) N.S. 9 (2.7) 7 (2.9) 2 (2.1) N.S. 

G2 3 (0.9) 1 (0.4) 2 (2.1) N.S. 3 (0.9) 1 (0.4) 2 (2.1) N.S. 

G3 0 (0.0) 0 (0.0) 0 (0.0) N.S. 4 (1.2) 2 (0.8) 2 (2.1) N.S. 

G4 0 (0.0) 0 (0.0) 0 (0.0) N.S. 0 (0.0) 0 (0.0) 0 (0.0) N.S. 

CTCAE – common terminology criteria for adverse events, GI – gastrointestinal adverse events, LDB – iodine-125 low-dose-rate brachytherapy, EBRT – external beam 
radiotherapy, N.S. – not significant 
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Fig. 3. Cumulative incidence of late gastrointestinal adverse events greater than A, D) G1, B, E) G2, and C, F) G3

	 12	 24	 36	 48	 60	 72	 84
Months after implantation

Patients at risk
	 334	 324	 267	 225	 181	 146	 117 

	 12	 24	 36	 48	 60	 72	 84
Months after implantation

Patients at risk
	 334	 332	 275	 232	 187	 153	 122 

	 12	 24	 36	 48	 60	 72	 84
Months after implantation

Patients at risk
	 334	 330	 274	 231	 186	 151	 120 

	 12	 24	 36	 48	 60	 72	 84
Months after implantation

Patients at risk
LDM mono	 240	 236	 212	 193	 163	 139	 115 
LDB + EBRT	94	 88	 55	 32	 18	 7	 2 

	 12	 24	 36	 48	 60	 72	 84
Months after implantation

Patients at risk
LDM mono	 240	 240	 217	 197	 167	 143	 117 
LDB + EBRT	94	 90	 57	 34	 19	 8	 3

	 12	 24	 36	 48	 60	 72	 84
Months after implantation

Patients at risk
LDM mono	 240	 240	 217	 197	 167	 154	 118 
LDB + EBRT	94	 92	 58	 35	 20	 9	 4 

Log-rank p = 0.068
 LDM mono
 LDB + EBRT

Log-rank p = 0.0012
 LDM mono
 LDB + EBRT

Log-rank p = 0.173
 LDM mono
 LDB + EBRT
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In this study, both acute and late GU adverse events 
were nearly all cases of G1 and G2, suggesting that LDB 
could be performed safely. In previous studies, ≥ G1,  
≥ G2, and ≥ G3 acute GU adverse event rates were  
66.5-86.2%, 6.0-55.9%, and 0.1-4.3%, respectively [19-23]. 
These results are comparable to ours. Moreover, ≥ G1,  
≥ G2, and ≥ G3 late GU adverse event rates were  
49.5-66.3%, 12.4-30.3%, and 0.9-3.2%, respectively [20-23]. 
These results are also comparable to those of the present 
study. 

Whether LDB monotherapy or EBRT combination 
therapy results in a  higher incidence of adverse events 
is still controversial [6, 24]. In this study, no consistent 
results were obtained when comparing adverse events in 
the LDB monotherapy and the EBRT groups regarding 
GU. Other factors in addition to EBRT could influenced 
the GU events after LDB. 

In this study, a higher pre-treatment IPSS and non-use 
of α1-blockers were identified as factors associated with  
≥ G1 acute GU adverse events. A  higher pre-treatment 
IPSS [19, 23], NAHT [23], greater number of needles [23], 
and higher prostate V100 [19] have been reported as fac-
tors associated with acute GU adverse events. Addition-
ally, prophylactic efficacy of α1-blockers has been validat-
ed [25]. These reports seem to support our results. There 
are three α1 adrenoceptor sub-types, including α1A, α1B, 
and α1D [26]. Naftopidil, tamsulosin, and silodosin are 
α1A/α1D adrenoceptor antagonists, with different affin-
ities for the α1 adrenoceptor sub-types. Previous reports 
investigating the comparative effects of naftopidil, tam-
sulosin, and silodosin against post-LDB GU suggested 
the benefits of silodosin [27]. However, other studies 
found no significant differences in efficacy between silo-
dosin and naftopidil [28]. Therefore, further studies are 
required to determine a  more effective α1 blocker and 
optimal duration of its’ administration. 

No predictors of late GU adverse events were iden-
tified in this study. A higher pre-treatment IPSS [19, 23], 
EBRT [22], NAHT [23], a higher prostate V100 [19], a high-
er prostate V150 [23], and a prior acute GU adverse event 
[22, 23] have been reported as the predictors of late GU 
adverse events. 

In this study, the incidences of both acute and late GI 
adverse events were extremely low. In previous studies, 
the ≥ G1, ≥ G2, and ≥ G3 acute GI adverse event rates 
were 7.8-27.7%, 0.5-9.6%, and 0.0%, respectively [20, 22].  
Moreover, the ≥ G1, ≥ G2, and ≥ G3 late GI adverse event 
rates were 17.2-21.1%, 2.8-5.8%, and 0.0%, respective-
ly [20, 22]. In comparison to these reports, our results 
were favorable regarding both acute and late GI adverse 
events. The ABS recommendation is that RV100 should 
ideally be < 1 cc to avoid GI adverse events. Other re-
ports have also shown that RV100 is associated with the 
occurrence of GI adverse events [22]. Also, EBRT com-
bination therapy has also been reported to be associated 
with GI adverse events [29]. In this study, the comparison 
between the LDB monotherapy and the EBRT combina-
tion therapy groups also suggested that EBRT may be 
associated with GI adverse events after LDB. Additional-
ly, IMRT has been reported to result in fewer GI adverse 

events than three-dimensional conformal radiation ther-
apy, when used in combination with brachytherapy [30]. 
In this study, the very low number of GI adverse events 
could be attributed to the fact that RV100 was maintained 
at a low level and that all EBRT cases were treated with 
IMRT. Additionally, because only a  few patients devel-
oped ≥ G1 acute and late GI adverse events, no factor was 
associated with these adverse events. 

This study has some limitations. First, this was a sin-
gle-center retrospective study that included a  limited 
patient number and a  heterogeneous patients’ popula-
tion. Second, the focus of this study was on identifying 
factors associated with ≥ G1 GU and GI adverse events. 
In contrast, most previous reports focused on ≥ G2 ad-
verse events. Although CTCAE is a  well-recognized 
physician assessment, patient-reported adverse events 
can be worse than physician-reported symptoms [31]. 
Therefore, with respect to prediction and prevention of 
adverse events, it is reasonable to focus on ≥ G1 adverse 
events. Third, the median follow-up duration was in-
sufficient. PCA patients are expected to have long-term 
survival; therefore, further follow-up of oncological out-
comes and treatment-related adverse events is required. 
Despite these limitations, we believe that our study sup-
ports the utility of LDB and may lead to a better under-
standing of the course of treatment by medical staff and 
patients. 

Conclusions 
In summary, the present study demonstrated that 

LDB results in favorable oncological outcomes. Both GU 
and GI adverse event rates were acceptable, and the in-
cidence of serious adverse events (≥ G3) was extremely 
low. Our study suggests that pre-treatment urinary func-
tion and the use of α1-blockers may be useful in predict-
ing and preventing acute GU adverse events. 
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