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Abstract. The aim of the present study was to evaluate the 
feasibility and preliminary outcomes of high-dose-rate 
(HDR)-brachytherapy as a monotherapy in two frac-
tions within 1 day for localized prostate cancer, including 
high-/very high-risk cases. Among the 68 patients treated with 
HDR monotherapy between July 2011 and December 2014, 
65 had a minimal follow-up of 12 months without adjuvant 
androgen deprivation therapy and were enrolled in the 
present study [42/65 (64.6%) exhibited high-/very high-risk 
diseases]. HDR monotherapy was performed in two frac-
tions with a minimal interval of 6 h and the prescribed dose 
was 13.5 Gy (x2). Adverse events (AEs) were assessed using 
Common Terminology Criteria for Adverse Events (version 4; 
http://ctep.cancer.gov/protocolDevelopment/electronic_appli-
cations/ctc.htm#ctc_40), and biochemical failure was assessed 
by the Phoenix definition. The median follow-up time was 
30.1 months. The majority of patients had Grade 0-1 acute AEs. 
Four patients (6.2%) exhibited urinary retention, requiring a 
Foley catheter. Grade 3 acute AEs occurred at a frequency 
of 3.1% and hematuria at 1.5%. The majority of patients 
also exhibited Grade 0-1 chronic AEs. Grade 3 chronic AEs 
occurred at a frequency of 1.5% and urethral stricture at 1.5%, 
for which endoscopic treatment was indicated. Acute and 
chronic gastrointestinal AEs were uncommon, and no Grade 3 
or above AEs developed. Biochemical failure occurred in 
4 patients who all exhibited high-/very high-risk diseases. 
Kaplan-Meier estimated that 3 year biochemical failure-free 
survival was 91.6% overall and 88.0% in high-/very high-risk 
cases. The present two-fraction 1 day HDR monotherapy is 

feasible with minimal AEs and achieved acceptable biochem-
ical control of localized prostate cancer, including high-/very 
high-risk cases, although long-term follow-up is required.

Introduction

Patients with prostate cancer have multiple options for 
radical treatment modalities for their localized disease, 
ranging from radical prostatectomy to radiotherapy, which 
includes external beam radiotherapy (EBRT), low-dose-rate 
(LDR)-brachytherapy (BT) and high-dose-rate (HDR)-BT. 
These treatments offer similar rates of biochemical control.

BT has the ability to deliver an intense radiation dose to 
the target, with minimal normal tissue toxicity, and achieves 
excellent outcomes for patients with prostate cancer (1,2). 
LDR-BT is most frequently used for the low-risk group and 
HDR-BT is predominantly combined with EBRT to treat the 
intermediate- or high-risk groups (3-6). Certain disadvan-
tages of HDR-BT are known when compared with LDR-BT. 
HDR-BT is more labor intensive and less convenient for the 
patients, and medical staff, due to its multi-fraction schedule. 
Additionally, it takes a longer period to complete the treat-
ment, since HDR is usually performed in combination with 
EBRT.

In our institute, HDR-BT in combination with EBRT was 
initiated in July 1999. Initially, prostate cancer patients were 
treated with three fractions of 6 Gy within 2 days and subse-
quently EBRT (2 Gy, x20). To overcome the disadvantages of 
HDR-BT described above, reducing the number of fractions 
was attempted since November 2004, as the patients had been 
treated with two fractions (9 Gy, x2) within 1 day, combined 
with EBRT (2 Gy, x20 or 3 Gy, x13). Since July 2011, in order to 
make HDR‑BT more convenient and more efficient, HDR‑BT 
as a monotherapy with two fractions of 13.5 Gy delivered 
in 1 day was developed.

An increasing number of articles on HDR monotherapy 
have been reported (7). However, little is reported about high 
or very high-risk cases treated with 1-day HDR monotherapy. 
The present study reported valuable data on the feasibility and 
the early outcome of two-fraction 1-day HDR monotherapy for 
localized prostate cancer, including high-/very high-risk cases.
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Materials and methods

Pat ient characteris t ics.  Between July 2011 and 
December 2014, 68 patients with prostate cancer were treated 
with HDR Ir-192 BT as a two-fraction 1-day schedule. Of 
these patients, 65 had a minimum follow-up of 12 months 
without taking adjuvant androgen deprivation therapy (ADT) 
and were enrolled in the present study. Patients with local-
ized prostate cancers (T1c to T4) based on pelvic magnetic 
resonance imaging were included. This study was approved by 
institutional review board.

HDR Ir‑192 BT schedule. The patients were placed in the 
lithotomy position under epidural anesthesia. The 7.5-MHz 
biplanar TRUS transducer was inserted into the rectum, and 
the prostate and urethra were identified. The flexible applicator 
needles (OncoSmart® ProGuide SharpNeedle; Elekta AB, 
Stockholm, Sweden) were implanted from the anterior to the 
posterior rows in the periphery of the prostate to minimize 
rotation or deformation. The remaining needles for the internal 
regions were subsequently implanted. All needles were 
inserted, penetrating 4 cm beyond the bladder wall to prevent 
needle displacement, and secured to the peritoneal region with 
resin and glue. Computed tomography (CT)-based planning 
was obtained using Oncentra® Brachy ver. 4.0 (Elekta AB). 
The clinical target volume (CTV) was defined by the whole 
prostate with a 3 mm margin, with the exception of the poste-
rior region, where a 2 mm margin was included due to the 
proximity of the rectal wall. If seminal vesicle invasion was 
observed, the applicator needles were placed, and the seminal 
vesicle was included in the CTV. The planning target volume 
was defined as equal to the CTV. The dosimetric goals were 
as follows: Percentage of the prostate receiving 100 and 150% 
of the prescribed dose, >90 and <30%, respectively; minimal 
dose delivered to 90% of the prostate volume, >13.5 Gy; 
volume of the urethra receiving 110% of the prescribed 
dose, <1 cc; and volume of the rectum receiving 75% of the 
prescribed dose, <1 cc. The patients received the first fraction 
of the 13.5 Gy (x2)-schedule using the microSelectron® Digital 
HDR-V2 (Elekta AB). The second fraction was delivered 
on the same day, with a minimum interval of 6 h. CT was 
repeated and CT-based planning was repeatedly obtained for 
the second fraction to prevent inaccurate delivery due to needle 
displacement and/or deformation. If needle displacement into 
the prostate occurred, which affected an area not covered by 
effective dose, the needles were reinserted penetrating beyond 
the bladder wall and CT was repeated.

Assessment of adverse events (AEs) and statistical analysis. 
AEs were scored, according to the Common Terminology 
Criteria for Adverse Events (version 4), and the highest score 
encountered during each period was reported.

Biochemical failure was assessed using the Radiation 
Therapy Oncology Group/American Society for Therapeutic 
Radiology and Oncology Phoenix definition of 2 ng/ml or 
more above nadir prostate-specific antigen (PSA) (8). The 
follow-ups were 4 weeks after the treatment, every 3 months 
for the first 2 or 3 years for low‑/intermediate- or high-/very 
high-risk patients, respectively, the every 6 months until 
5 years, and annually thereafter. Biochemical failure-free 

survival (bFFS) was estimated by the Kaplan-Meier method 
and compared between groups using the log-rank test. All 
statistical analyses were performed using JMP® (SAS Institute 
Inc., Cary, NC, USA). P<0.05 was considered to indicate a 
statistically significant difference.

Results

The characteristics of the patients are listed in Table I. The 
median follow-up was 30.1 months (12.0-42.7 months) 
and the median patient age was 72 years (57-81 years). 
Overall, 42/65 (64.6%) patients exhibited high-/very high-risk 
prostate cancers of the National Comprehensive Cancer 
Network risk group classification (http://www.nccn.org/profes-
sionals/physician_gls/pdf/prostate.pdf). Neoadjuvant ADT 
was administered to 50 (76.9%) of the patients.

The majority of patients exhibited mild acute genitouri-
nary (GU) AEs (Table II), the most common acute GU AEs 
being Grade 1 frequency (47.7%), urgency (41.5%), urethral 

Table I. Patient characteristics.

Characteristic Value

Total patients 65
Median age, years (range) 72 (57-81)
Median initial PSA, ng/ml (range) 13.1 (4.1-57.8)
Initial PSA, n (%)
  <10 ng/ml 24 (36.9)
  10-20 ng/ml 23 (35.4)
  >20 ng/ml 18 (27.7)
Gleason score, n (%)
  6 7 (10.8)
  7 29 (44.6)
  8-10 29 (44.6)
Clinical T stage, n (%)
  T1c 17 (26.2)
  T2a 14 (21.5)
  T2b 9 (13.8)
  T2c 3 (4.6)
  T3a 18 (27.7)
  T3b 3 (4.6)
  T4 1 (1.5)
Risk groupa, n (%)
  Low 2 (3.1)
  Intermediate 21 (32.3)
  High 38 (58.5)
  Very high 4 (6.2)
Neoadjuvant ADT, n (%)
  Not administered 15 (23.1) 
  Administered 50 (76.9)
Follow-up, months (range) 30.1 (12.0-42.7)

aRisk group was categorized using the national comprehensive cancer 
network risk group classification. PSA, prostate‑specific antigen; 
ADT, androgen deprivation therapy.
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pain (33.8%) and urinary incontinence (33.8%). The rate 
of Grade 2 acute GU AEs was <10%, with the exception of 
frequency (12.3%). A total of four patients (6.2%) had urinary 
retention, requiring a temporary Foley catheter, and 3 patients 
developed Grade 3 AEs: Of those, 2 (3.1%) with frequency 
and one (1.5%) with hematuria. No other Grade 3 acute GU 
AEs were reported. As for acute gastrointestinal (GI) AEs, 
only 5 patients experienced mild diarrhea, rectal hemorrhage, 

proctitis or fecal incontinence, and no Grade 2 or 3 acute GI 
AEs occurred.

With regards to chronic AEs, 1 patient (1.5%) exhibited the 
Grade 3 GU AE of frequency (Table III). This patient devel-
oped Grade 3 urinary stricture 9 months after HDR-BT and 
required endoscopic treatment. Other than Grade 2 GU urinary 
incontinence (9.2%) and urinary tract obstruction (6.2%), the 
rate of Grade 2 GU AEs was <5%. No Grade 2 or 3 chronic GI 

Table II. Acute adverse events occurring within 6 months of treatment.

 Grade
 -----------------------------------------------------------------------------------------------------------------------------------------------
Adverse event n 0 1 2 3 4

Genitourinary, n (%)      
  Frequency 65 24 (36.9) 31 (47.7) 8 (12.3) 2 (3.1) 0 (0)
  Urgency 65 35 (53.9) 27 (41.5) 3 (4.6) 0 (0) 0 (0)
  Urethral pain 65 40 (61.6) 22 (33.8) 3 (4.6) 0 (0) 0 (0)
  Retention 65 51 (78.4) 10 (15.4) 4 (6.2) 0 (0) 0 (0)
  Urinary incontinence 65 38 (58.5) 22 (33.8) 5 (7.7) 0 (0) 0 (0)
  Hematuria 65 56 (86.2) 8 (12.3) 0 (0) 1 (1.5) 0 (0)
  Urinary tract obstruction 65 61 (93.9) 1 (1.5) 3 (4.6) 0 (0) 0 (0)
  Cystitis non-infective 65 65 (100) 0 (0) 0 (0) 0 (0) 0 (0)
Gastrointestinal, n (%)
  Diarrhea 65 64 (98.5) 1(1.5) 0 (0) 0 (0) 0 (0)
  Rectal hemorrhage 65 63 (96.9) 2 (3.1) 0 (0) 0 (0) 0 (0)
  Proctitis 65 64 (98.5) 1(1.5) 0 (0) 0 (0) 0 (0)
  Rectal pain 65 65 (100) 0 (0) 0 (0) 0 (0) 0 (0)
  Fecal incontinence 65 63 (96.9) 2 (3.1) 0 (0) 0 (0) 0 (0)
  Rectal fistula 65 65 (100) 0 (0) 0 (0) 0 (0) 0 (0)

Table III. Chronic adverse events that developed after 6 months of treatment.

 Grade
 ----------------------------------------------------------------------------------------------------------------------------------------------
Adverse event n 0 1 2 3 4

Genitourinary, n (%)      0 (0)
  Frequency 65 37 (57.0) 26 (40.0) 1 (1.5) 1 (1.5) 0 (0)
  Urgency 65 38 (58.5) 26 (40.0) 1 (1.5) 0 (0) 0 (0)
  Urethral pain 65 50 (76.9) 14 (21.6) 1 (1.5) 0 (0) 0 (0)
  Retention 65 57 (87.7) 6 (9.2) 2 (3.1) 0 (0) 0 (0)
  Urinary incontinence 65 45 (69.2) 14 (21.6) 6 (9.2) 0 (0) 0 (0)
  Hematuria 65 62 (95.4) 2 (3.1) 1 (1.5) 0 (0) 0 (0)
  Urinary tract obstruction 65 60 (92.3) 0 (0) 4 (6.2) 1 (1.5) 0 (0)
  Cystitis non-infective 65 65 (100) 0 (0) 0 (0) 0 (0) 0 (0)
Gastrointestinal, n (%)      
  Diarrhea 65 65 (100) 0 (0) 0 (0) 0 (0) 0 (0)
  Rectal hemorrhage 65 63 (96.9) 2 (3.1) 0 (0) 0 (0) 0 (0)
  Proctitis 65 63 (96.9) 2 (3.1) 0 (0) 0 (0) 0 (0)
  Rectal pain 65 65 (100) 0 (0) 0 (0) 0 (0) 0 (0)
  Fecal incontinence 65 62 (95.4) 2 (3.1) 1 (1.5) 0 (0) 0 (0)
  Rectal fistula 65 65 (100) 0 (0) 0 (0) 0 (0) 0 (0)
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AEs developed, with the exception of one patient with chronic 
Grade 2 fecal incontinence.

A total of 4 patients (6.2%) had PSA failure, 3 had 
high-risk cancers, and 1 patient had very high-risk cancer 
that recurred 14.8 months after the treatment (Table IV). 
Fig. 1 demonstrates the estimates of freedom from biochemical 
failure for HDR-BT as monotherapy. The rates of 3-year bFFS 
were 91.6% overall (Fig. 1A) and 88.0% in high-/very high-risk 
patients (Fig. 1B). Excluding the 2 patients with low-risk disease, 
no significant difference in bFFS between the intermediate‑ and 
high-/very high-risk groups existed (P=0.21; Fig. 1B).

Discussion

HDR-BT was first introduced at Kiel University, Germany 
in 1986 (9). HDR-BT was initially performed as a boost in 
combination with EBRT. In 1995, the first trial of HDR‑BT as 
a monotherapy was introduced at Osaka University, Japan (10). 
Since then, >80 articles and abstracts on HDR monotherapy have 
been published, with a variety of doses and fractionations (7).

From the perspective of the radiobiology of HDR-BT 
schedules and biologic equivalent dose (BED), the radia-
tion schedule of 13.5 Gy (x2) was used in the present study. 
Notably, when applying the standard linear quadratic model 
[BED = number of fractions x dose per fraction (1+d/α/β)], 
with an α/β ratio of 1.5, the BED of the 13.5 Gy (x2) schedule 
was 261 Gy, which is markedly higher compared with the BED 
of the EBRT schedule of 1.8 Gy (x45; BED = 178 Gy) (11).

In the present study, the data indicated the low toxicity 
of HDR-BT as monotherapy in two fractions within one 
day. The AE data presented are similar to the data from a 
previously published HDR monotherapy series (11), which 
favorably compared with those from an LDR-BT series (12-15). 
Zelefsky et al (16) reported that the 5 year likelihood of urethral 
stricture development was 10%, and the median duration until 
stricture development was 18 months. The median follow-up 
of the present series was 30.1 months. Therefore, it is unlikely 
that the rate of urethral strictures will significantly change 
with longer follow-up (Tables II and III). Zamboglou et al (17) 
recently reported a large series in which 718 patients were 
treated with HDR monotherapy. This previous study showed 
that late Grade 3 GU toxicity was 3.5%, which compared 
favorably with 3.1% in the present series. Yoshioka et al (18,19) 
reported that the rate of Grade 2-3 chronic rectal bleeding was 
~10% after HDR monotherapy was delivered with a total dose 

of 54 Gy in nine fractions within 5 days. The GI toxicity of the 
present two-fraction schedule was minimal, and no Grade 2 or 
greater GI AEs developed, with the exception of one patient 
with chronic Grade 2 fecal incontinence. The present study 
hypothesized that the reproducibility of dosimetry is most 
important to prevent AEs, and repeated CT planning prior to 
the second treatment is necessary.

The majority of patients received neoadjuvant ADT 
for 3-6 months. Certain patients with a median follow up 
of 30.1 months may still be under the influence of ADT, as 
well as HDR-BT. Therefore, the present biochemical outcome 
data remains relatively early. However, the data are important 

Table IV. Characteristics of four patients with biochemical failure.

 Initial PSA Gleason Clinical T Risk Neoadjuvant Time to biochemical 
Age (years) (ng/ml) score stage groupa ADT failure (months)

62 33.6 4+4 2b High Administered 30.1
72 12.5 4+4 2b High Administered 22.2
67 54.9 4+3 3b Very high Administered 14.8
75 17.2 5+4 2a High Administered 18.3

aRisk group was categorized using the national comprehensive cancer network risk group classification. PSA, prostate‑specific antigen; 
ADT, androgen deprivation therapy.

Figure 1. Kaplan-Meier curve of bFFS. The bFFS was calculated for (A) all 
patients and for (B) intermediate- and high-/very high-risk patients. The 
log-rank P-value is indicated. bFFS, biochemical failure-free survival.

  A

  B
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as an early indicator of the efficacy of this technique. The 
American Brachytherapy Society (ABS) guidelines for 
HDR prostate BT support the use of HDR monotherapy 
for localized prostate cancer and quote biochemical 
control rates of 85-100, 81-100 and 43-93% for low-, 
intermediate- and high-risk prostate cancers, respectively (20). 
Yoshioka et al (21) recently reported that the three-year PSA 
failure-free rates of intermediate- and high-risk patients were 
96 and 90%, respectively, for the 45.5 Gy/7 fractions regimen, 
and 93 and 85%, respectively, for the 54 Gy/9 fractions 
regimen. Zamboglou et al (17) showed that the 3, 5 and 8 year 
biochemical control rates were 97, 94 and 90%, with no 
significant differences between the risk groups. In our cohort, 
91.6% of patients overall were free of biochemical relapse 
at 3 years. Of those, 100 and 88.0% exhibited intermediate- 
and high-/very high-risk diseases. The technique reported in 
the present study achieves excellent bFFS rates, similar to 
the published data and at the upper end of data quoted by the 
ABS guidelines. Finally, HDR monotherapy is not associated 
with any significant increase in AEs or reductions in efficacy 
when compared with our conventional HDR-BT with EBRT, 
which achieved bFFSs of 91.7 and 82.5% for 3 and 5 years, 
respectively, in the high-risk group (data not shown).
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