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Abstract. Background/Aim: To compare five radiotherapy
methods for prostate cancer. Patients and Methods: During
2005-2018, the data of patients with non-metastatic prostate
cancer were retrospectively analysed. Patients were treated
with high-dose-rate brachytherapy (HDR-BT); low-dose-rate
brachytherapy (LDR-BT); or external-beam radiotherapy
(EBRT), including conventionally fractionated radiotherapy
(CFRT), moderate-hypofractionated radiotherapy (MHRT),
and ultra-hypofractionated radiotherapy (UHRT). Results:
In total, 496 patients (149, HDR-BT,; 100, LDR-BT; 100,
CFRT; 97, MHRT, and 50, UHRT) with a median follow-up
of 4.3 years were enrolled. The incidence of grade =2 acute
genitourinary toxicities was significantly lower with HDR-
BT (p<0.001) than with any other radiotherapy. The
cumulative incidence of late grade =2 genitourinary
toxicities was the highest with UHRT and significantly
higher (p=0.005) with UHRT than with HDR-BT. Higher
symptom score peaks were noted 4 weeks after therapy for
LDR-BT than for EBRT. Conclusion: Physician-recorded
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toxicities were slightly lower with HDR-BT and patient-
reported outcomes tended to be worse with LDR-BT.

Prostate cancer is the most prevalent malignancy in men
across all countries (1). In addition to prostatectomy,
radiotherapy is the standard therapeutic option. Brachytherapy
(BT) and external beam radiotherapy (EBRT) are the main
types of radiotherapy. BT has two main forms: high-dose-rate
BT (HDR-BT) and low-dose-rate BT (LDR-BT).

For EBRT, conventionally fractionated radiotherapy (CFRT)
administered as 1.8-2.0 Gy fractions (fx) at a typical total dose
of 74-78 Gy has been the standard regimen for many years.
However, in recent years, moderate-hypofractionated
radiotherapy (MHRT) and ultra-hypofractionated radiotherapy
(UHRT) with higher doses per fraction than that in
conventional radiotherapy have also been used (2). Radiation
oncologists need to be familiar with all these treatment
approaches to provide optimal treatment for each patient.

Although risk stratification is a general treatment strategy, the
guidelines have not recommended one radiotherapy technique
over another (3). In most cases, BT and EBRT have shown
comparable treatment efficacy (4-6). The differences in
toxicities are therefore critical in treatment selection. Several
retrospective studies have indicated that the occurrence of acute
genitourinary (GU) toxicity was lower with HDR-BT than with
LDR-BT, while late toxicity was similar (5, 7). In contrast, the
occurrence of late gastrointestinal (GI) toxicity was lower in
LDR-BT than in EBRT while that of late GU toxicity was
equivalent or lower in EBRT than in LDR-BT (8, 9). The
CHHIP trial revealed that, compared with EBRT, MHRT was
non-inferior to CFRT regarding toxicity and efficacy (10).
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While the difference with respect to clinical results (toxicity
and efficacy) between UHRT and CFRT continues to gain
clarity with more published research (2, 11), very few studies
have simultaneously compared these radiotherapy methods
(12, 13). In particular, no direct comparison studies, with
adequate data, between HDR-BT as monotherapy and
hypofractionated EBRT have been published. Because direct
comparisons can minimise observer bias, these types of data
will be more robust than indirect comparisons of multiple
studies. Therefore, in this study, we retrospectively reviewed
the data of prostate cancer patients treated with the following
five different radiotherapy methods: HDR-BT, LDR-BT,
CFRT, MHRT, and UHRT. We also compared physician-
recorded toxicities and patient-reported outcomes after
treatment with one of the five different radiotherapy methods,
to enable the choice of the optimal radiotherapy method.

Patients and Methods

Patients. Medical records of non-metastatic prostate cancer (cT1-T4,
NO, MO) patients from four institutions were reviewed retrospectively
between 2005 and 2018. In this study, patients aged =20 years who
were treated with either BT or EBRT were included. The exclusion
criteria were as follows: patients treated with palliative intent, those
who received EBRT using three-dimensional conformal radiation
therapy, those who received elective pelvic radiotherapy, those who
received a combination of BT and EBRT, and those with a short
follow-up (<1 year). Finally, a total of 496 patients were included.
Patients were classified into risk groups according to the National
Comprehensive Cancer Network guidelines (3). Radiotherapy alone
was offered to low-risk patients (clinical stage T1-T2a, prostate-
specific antigen [PSA] <10 ng/ml, and Gleason score of 6). In contrast,
intermediate- to high-risk patients received neoadjuvant/adjuvant
androgen deprivation therapy (ADT). ADT included luteinising
hormone-releasing hormone agonists and/or anti-androgen, and it was
used for longer periods in high-risk patients. This study was approved
by the appropriate institutional review board, and the need for
informed consent was waived.

Radiotherapy. Patients were treated with one of the following five
radiotherapy methods in the four institutions: HDR-BT, LDR-BT,
CFRT, MHRT, or UHRT. Patients in the EBRT group were treated
with a linear accelerator or CyberKnife (Accuray Inc., Sunnyvale,
CA, USA). Details of the radiotherapy methods are as follows.

HDR-BT. HDR-BT was performed as monotherapy using an HDR
Iridium-192 source with 370 GBq (10 Ci) activity. A total of 49 Gy in
7 fx was delivered over four days. Treatment was accomplished within
one implant session under continuous epidural anesthesia, and
irradiation was administered twice daily with an interval of at least six
hours. Needle insertion was performed under transrectal ultrasound
guidance; however, the treatment planning was based on computed
tomography (CT). The clinical target volume (CTV) included the
whole prostate gland and medial seminal vesicles with a 0- to 5-mm
margin except for a 0- to 3-mm margin for the rectal side.

In most cases, the planning target volume (PTV) equalled CTV,
and the prescribed dose was delivered to 95% of the PTV (D95).
Dose constraints for organs at risk were as follows: the maximum
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dose to the entire urethra should be <125% of the prescription dose,
preferably <110%, and the maximum dose to the entire rectal
mucosa should be <100% PD dose, preferably <80%. The dose—
volume constraint for the rectum was D5cc <55% of the
prescription dose.

LDR-BT. LDR-BT was performed as monotherapy using I-125 seeds
with mostly 13.1 MBq (0.35 mCi) activity. The prescribed dose was
145 Gy. All patients underwent transrectal ultrasound preplanning
3-4 weeks before implantation to determine the number of seeds.
Then, the actual implant was performed according to intraoperative
planning under general anaesthesia. The CTV was defined as the
prostate itself, which was also equal to the PTV. VariSeed 7.1
(Varian Medical Systems, Palo Alto, CA, USA) was used as the
treatment planning system. The percent volumes of the PTV
receiving 100% of the prescribed dose (V100%) were planned to be
295%, preferably =99%. Dose constraints for organs at risk were as
follows: V100% for the rectum should be =0%, V150% for the
urethra should be =0%, and D30% for the urethra should be <200
Gy, preferably <180 Gy. Post-planning using CT and magnetic
resonance imaging was performed 1 month after treatment, and
dosimetric parameters were evaluated. Note that patients in the
LDR-BT group received only prophylactic alpha-blocker treatment
for GU toxicity for approximately one year after radiotherapy.

CFRT. In principle, the prescribed dose was 78 Gy in 39 fx. In
contrast, the dose for low-risk patients and/or those receiving
anticoagulants was reduced to 74 Gy in 37 fx. The CTV was
defined as the whole-prostate gland and proximal seminal vesicle,
while the CTV was only the prostate in low-risk patients. The PTV1
included CTV with a 7-mm margin except for the rectal side, where
a 4-mm margin was added. PTV2 was defined as the seminal
vesicle with a 5-mm margin, excluding PTV1. The prescribed doses
were delivered to PTV1 (D95), and 64 Gy were delivered to PTV2.
Only in seminal vesicle invasion cases, 74 or 78 Gy were
administered to both PTV1 and PTV2. The dose constraints were as
follows: D2% of the PTV should be <107%. V70 covers <10% of
the rectum, and V60 covers <18%. V70 covers <16% of the entire
bladder, and V60 covers <25%. D2% of the penile bulb should be
<70%. Both the target volume and normal organ structures were
contoured using a treatment planning system (Eclipse, Varian
Medical System). All patients were treated with a linear accelerator
(TrueBeam STx, Varian Medical Systems).

MHRT. The prescription dose for MHRT was 70 Gy in 28 fx. The
CTV was defined as the whole prostate gland and proximal seminal
vesicle regardless of the risk group. Furthermore, the CTV included
the entire seminal vesicle in seminal vesicle invasion cases. The
PTV included the CTV with a 5-mm margin except for a 4-mm
margin for the rectal side. The prescribed dose was adjusted to
deliver 50% of the PTV (D50). The dose constraints were as
follows: D95 of the PTV was >95%, and D2% was <105%. The
maximum dose to the rectum should be <101%, and the percentage
covered by D20% should be <54% and that by V40% should be
<37%. The maximum dose to the entire bladder should be <103%,
and the percentage covered by D20% should be <63% and that by
V40% should be <28%. Most patients (n=55) were treated with a
linear accelerator, represented by TrueBeam (Varian Medical
Systems). The Eclipse (Varian Medical System) was used for
treatment planning. In contrast, 42 patients were treated using
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CyberKnife M6 (Accuray Inc.). All patients treated using
CyberKnife were implanted with three gold fiducial markers owing
to its incorporation of near real-time kV imaging of the prostate 2
weeks before treatment.

UHRT. A total dose of 36.25 Gy was prescribed for five consecutive
days, excluding the days when the hospital was closed. The
definition of CTV was the same as that in MHRT. Patients in the
UHRT group had more thorough nutritional guidance and
urinary/defecation management. Compared with other EBRT
groups, the daily setup for UHRT was performed with greater care.
Therefore, the CTV margin was very tight; the PTV included the
CTV with a 5-mm margin except for a 3-mm margin for the rectal
side. In addition, the part that overlapped with the rectal bladder
mucosa was removed by 1 mm. The prescription dose was adjusted
to D95 with a 75%-85% isodose line to meet the dose constraints.
The dose constraints were as follows: the percentage of the rectum
that should be covered by D0.5cc was <102% and that by D5cc was
<77%. The percentage of the entire bladder that should be covered
by V50% was <35 cc and that by V100% was <5 cc. Multiplan
(Accuray Inc.) was used as the planning system. Treatment was
performed using CyberKnife M6 (Accuray Inc.), except in three
cases where TrueBeam STx was used. Only one periprostatic
hydrogel spacer (SpaceOAR; Augmenix Inc., Boston, MA, USA)
for EBRT was used in the UHRT group.

Evaluation of outcomes. The date of the event was measured from
the date of commencement of radiotherapy. Biochemically, no
evidence of disease (bDNED) was defined according to the Phoenix
definition, as an absolute nadir PSA level +2 ng/ml increase (14).
Both physician-recorded toxicities and patient-reported outcomes were
evaluated. Physician-recorded toxicities were assessed by four
observers according to the National Cancer Institute Common Toxicity
Criteria for Adverse Events (version 5.0). To reduce observer bias as
much as possible, toxicity assessments were discussed in advance and
only grade >2 events were evaluated. Acute toxicity was defined as
symptoms that were observed during or less than 6 months after
radiotherapy treatment. Late toxicity was defined as any event
persisting or occurring 6 months after completing radiotherapy.
Patient-reported outcomes were evaluated to supplement the
understanding of GU toxicity transitions, especially in the acute phase.
These were evaluated based on the International Prostate Symptom
Score (IPSS) and quality of life (QOL) score. The scores were
recorded at the time of radiotherapy, then 1 week, 4 weeks, and 3
months, and thereafter every 3 months until 1 year after radiotherapy
and were directly proportional to the patient’s displeasure level.

Statistical analysis. All statistical analyses were performed using
EZR version 1.33 (Saitama Medical Center, Jichi Medical
University, Saitama, Japan) based on the R and R commander (The
R Foundation for Statistical Computing, Vienna, Austria) (15).
Multiple comparisons of percentages were performed using Fisher’s
exact tests with post-hoc Bonferroni analyses and a one-way
analysis of variance (ANOVA) was performed to analyse the
incidence acute toxicity. A comparison of IPSS transitions was
performed using repeated-measures ANOVA. The Kaplan-Meier
method was used to estimate bNED rates and the cumulative
incidence of toxicities, and comparisons were performed using log-
rank tests or Gray’s tests with post-hoc Bonferroni analyses. Cox’s
proportional hazard model was used for the univariate and

multivariate analyses, which were used to determine the factors that
contributed to the cumulative incidence of late GI/GU toxicity. p-
Values <0.05 were considered statistically significant. Factors
showing a difference with p<0.1 in the univariate analysis were
included the multivariate analysis.

Results

Patient characteristics. The patient characteristics are listed in
Table I. This study included 496 patients, with the HDR-BT,
LDR-BT, CFRT, MHRT, and UHRT groups comprising 149,
100, 100, 97, and 50 patients, respectively. There was no
difference in age among the groups. The LDR-BT group
included more low-risk patients than the other groups;
therefore, the administration rate of ADT was lower, and the
duration was shorter in the LDR-BT group than in the other
groups. Patients in the EBRT and UHRT groups had the
smallest planning target volume. More patients in the LDR-
BT and CFRT groups received medication for bladder
symptoms than in the MHRT and UHRT groups. We were not
able to confirm the medication rate in the HDR-BT group. The
median follow-up period for all the 496 included patients was
4.3 years (range=1.0-14.2 years). The follow-up period was
10.0 years (range=1.8-14.2 years) in the LDR-BT group and
1.6 years (range=1.0-2.5 years) in the UHRT group.

Efficacy. The 3-year bNED rates of the total study population
were 98.0% [95% confidence interval (CI)=93.8-99.3%],
99.0% (95%C1=93.0-99.9%), 98.2% (95%CI=88.0-99.7%),
and 96.9% (95%CI1=87.7-99.3%) in the HDR-BT, LDR-BT,
CFRT, and MHRT groups, respectively with no significant
difference being observed (p=0.403). While the follow-up
period for patients in the UHRT group did not reach three
years, biochemical failure was not observed. An analysis by
risk group also showed no significant difference in bNED
rates among patients in the five groups. A total of 466
patients (94%) were alive at the time of analysis: 452
patients were alive with bNED, 13 were alive with
biochemical failure only, and one was alive with distant
metastasis. Only two patients died from prostate cancer,
while 28 patients died because of other causes.

Acute toxicity. Grade 2 acute GI toxicity was found in three
2%), two (2%), two (2%), eight (9%), and 0 (0%) patients in
the HDR-BT, LDR-BT, CFRT, MHRT, and UHRT groups,
respectively. The incidence of grade 2 acute GI toxicity in
patients in the MHRT group was slightly higher, but no
significant difference was observed for any of the other groups
(p>0.05). No grade =3 acute GI toxicity was found in any of
the patients from any of the groups. The incidence of grade =2
acute GU toxicity was significantly lower in the HDR-BT
group (13 cases, 8.7%; p<0.001) than in the LDR-BT (31
cases, 31%), CFRT (42 cases, 42%), MHRT (31 cases, 32%),
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Table 1. Characteristics of patients with non-metastatic prostate cancer.

Characteristic HDR-BT LDR-BT CFRT MHRT UHRT
Number of patients 149 100 100 97 50
Age (years)

Median 71 70 74 69 71

Range 48-82 53-84 52-85 53-84 49-81
iPSA (ng/ml)

Median 9.8 72 8.7 92 8.0

Range 2.0-149 0.8-28.1 4.1-190.2 4.0-129.4 4.2-542
Gleason score

4-6 58 (39%) 69 (69%) 15 (15%) 24 (25%) 5 (10%)

7 53 (36%) 31 (31%) 49 (49%) 62 (64%) 37 (74%)

8-10 38 (25%) 0 (0%) 36 (36%) 11 (11%) 8 (16%)
T classification

1 50 (34%) 61 (61%) 35 (35%) 37 (38%) 11 (22%)

2 66 (44%) 39 (39%) 48 (48%) 36 (37%) 30 (60%)

3a 22 (15%) 0 (0%) 11 (11%) 22 (23%) 8 (16%)

3b 9 (6%) 0 (0%) 4 (4%) 1 (1%) 1 (2%)

4 2 (1%) 0 (0%) 2 (2%) 1 (1%) 0 (0%)
Risk group

Low 27 (18%) 58 (58%) 12 (12%) 10 (10%) 4 (8%)

Intermediate 58 (39%) 40 (40%) 46 (46%) 56 (58%) 35 (70%)

High 64 (43%) 2 (2%) 42 (42%) 31 (32%) 11 (22%)

ADT 121 (81%) 50 (50%) 87 (87%) 70 (71%) 46 (92%)
Duration before radiotherapy (months)

Median 7.0 44 6.9 6.9 6.5

Range 2.0-35.0 1.5-15.0 35-775 1.5-93.6 1.4-66.6
Total duration (months)

Median 8.0 44 17.6 9.3 6.8

Range 2.0-48.0 1.5-15.0 35-775 3.3-105.0 1.4-66.6

History of TURP 0 (0%) 1 (1%) 1 (1%) 2 (2%) 2 (4%)
PTV volume (cm3)

Median NA NA 68.1 56 45.6

Range NA NA 47.5-230.9 31.2-216.2 26.4-90.4
Medication for bladder symptoms at radiotherapy NA 21 21%) 21 21%) 12 (12%) 12 (12%)
Prescription dose (Gy)/fractions 49/7 145/- 74-78 /37-39 70/28 36.25/5
Median follow-up (years)

Median 5.7 10.0 3.1 3.0 1.6

Range 1.7-10.2 1.8-14.2 1.0-5.0 1.0-9.5 1.0-2.5

HDR-BT: High-dose rate brachytherapy; LDR-BT: low-dose rate brachytherapy; CFRT: conventional fractionated radiotherapy; MHRT: moderate-
hypofractionated radiotherapy; UHRT: ultra-hypofractionated radiotherapy; iPSA: initial prostate-specific antigen; ADT: androgen deprivation
therapy; TURP: transurethral resection of the prostate; PTV: planning target volume; NA: not available.

Table II. Details of grade 2 acute genitourinary toxicities.

HDR-BT LDR-BT CFRT MHRT UHRT
Total cases (%) 13 (8.7) 31 31 42 (42) 31 (32) 20 (40)
Haematuria 0 2 0 1 2
Urinary frequency 0 25 21 15 6
Urinary incontinence 1 2 4 3 0
Urinary retention 5 25 7 11 12
Urinary urgency 4 15 20 14 4
Urinary tract pain 3 2 2 4 1

HDR-BT: High-dose rate brachytherapy; LDR-BT: low-dose rate brachytherapy; CFRT: conventional fractionated radiotherapy; MHRT: moderate-
hypofractionated radiotherapy; UHRT: ultra-hypofractionated radiotherapy.
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Figure 1. Changes in the IPSS according to radiotherapy methods. IPSS: International prostate symptom score; LDR: low-dose rate; CFRT:
conventional fractionated radiotherapy; MHRT: moderate-hypofractionated radiotherapy; UHRT: ultra-hypofractionated radiotherapy.
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Figure 2. Changes in the QOL score according to radiotherapy methods. QOL: Quality of life; LDR: low-dose rate; CFRT: conventional fractionated
radiotherapy; MHRT: moderate-hypofractionated radiotherapy; UHRT: ultra-hypofractionated radiotherapy.

and UHRT (20 cases, 40%) groups. The details regarding acute
toxicities are presented in Table II. Although the toxicities
included duplication, urinary retention was the most common
complaint among patients in the UHRT group, and its
characteristics were similar to those of patients in the HDR-BT
and LDR-BT groups rather than in those in the CFRT group.

IPSS and QOL score transition. IPSS and QOL score
transitions are shown in Figures 1 and 2, respectively. Because
the score data of patients in the HDR-BT group could not be
obtained, they were excluded from the analysis, and
comparisons were made among patients in the other four
groups. Data of the patients in the LDR-BT group showed the

2527



ANTICANCER RESEARCH 41: 2523-2531 (2021)

a
— HDR

0.5 —_— LDR
04 — CFRT
3 — MHRT
203 — UHRT
)
N
Al 0.2 —
(]
9
e
O 0.1

0.0

0 1 2 3 4 5
Years
Number at risk

HDR 149 147 142 129 112 90
LDR 100 99 92 87 84 82
CFRT 100 98 76 51 26 0
MHRT 97 92 68 44 24 21
UHRT 50 44 9 0 0 0

b
0.5 —
2 0.4
Q
%
8
(@)
[q\l
Al 0.2
[}
ke
[
& 0.1
0.0
T T T T T T
0 1 2 3 4 5
. Years
Number at risk
HDR 149 140 129 111 95 78
LDR 100 91 82 74 71 69
CFRT 100 89 64 43 22 1
MHRT 97 82 61 41 23 21
UHRT 50 39 5 0 0 0

Figure 3. Cumulative incidence of grade =2 GI (A) and GU (B) toxicities. GI: Gastrointestinal; GU: genitourinary; HDR: high-dose rate; LDR:
low-dose rate; CFRT: conventional fractionated radiotherapy; MHRT: moderate-hypofractionated radiotherapy; UHRT: ultra-hypofractionated

radiotherapy.

highest IPSS peak 4 weeks post-treatment, despite the pre-
treatment score being the lowest compared with that of patients
in the other groups. A similar transition was observed for the
QOL score. There was no difference in the degree of
deterioration of the IPSS and QOL score after radiotherapy
among the EBRT groups. However, the peaks of both scores
occurred at the earliest for patients in the UHRT group, and
accordingly, they peaked out at the earliest (at approximately
3 months). The scores in the three groups, in addition to the
UHRT group, returned to baseline approximately 9 months
after treatment.

Late toxicity. Because patients in the five radiotherapy
groups had different follow-up periods, the cumulative
incidence of late GI/GU toxicity was compared. Grade =2 GI
toxicity is shown in Figure 3A. The cumulative incidence of
grade =2 GI toxicity in patients in the HDR-BT group was
marginally lower, but not significant (p=0.053), than that in
patients in the MHRT group. Only one patient had grade 3
GI toxicity: rectal haemorrhage in the LDR-BT group. The
cumulative incidence of grade =2 GU toxicity is shown in
Figure 3B. The incidence of GU toxicity in patients in the
UHRT group was high. There was a substantial difference in
GU toxicity only in patients in the HDR-BT group
(p=0.005). Grade 3 haematuria developed in four patients:
two in the HDR-BT group, one in the LDR-BT group, and
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one in the CFRT group. Furthermore, five cases of grade 3
urinary retention were observed in the HDR-BT group. No
grade 24 GI/GU toxicities were observed.

The results of the univariate and multivariate analyses of
late grade =2 GI/GU toxicity are shown in Table III.
Regarding late grade =2 GI, ADT administration tended to
contribute but was not a significant factor. HDR-BT as a
radiotherapy method was the only significant factor in the
univariate analyses, and it remained significant in the
multivariate analyses [hazard ratio (HR)=0.36, p=0.04]. In
univariate and multivariate analyses, medication for bladder
symptoms at radiotherapy (HR=1.91, p=0.009) and grade =2
acute GU toxicity (HR=6.03, p<0.001) were significantly
associated with late grade =2 GU toxicity.

Grade =2 erectile dysfunctions were observed in three
(2%), seven (7%), one (1%), four (5%), and 0 (0%) patients
in the HDR-BT, LDR-BT, CFRT, MHRT, and UHRT groups,
respectively. Two of the four patients in the MHRT group
experienced grade 3 erectile dysfunction, without response
to medication. Regarding another critical late toxicity,
myelodysplastic syndromes (MDSs) were observed in one
patient each in the CFRT and MHRT groups. Grade 2 MDS
and grade 5 MDS were observed in the MHRT and CFRT
groups, respectively. The patient in the CFRT group
developed MDS 2.4 years after radiotherapy and died after
1.5 months.
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Table III. Univariate and multivariate analyses of late grade =2 GI/GU toxicities.

Factor Univariate analysis Multivariate analysis
HR 95%CI p-Value HR 95%CI p-Value
Late grade =2 GI toxicity
Age 1.01 0.96-1.07 0.72
iPSA 0.96 0.91-1.01 0.14
Gleason score (=8) 0.88 0.31-2.45 0.81
T classification (T1-T2 vs. T3-T4) 0.54 0.17-1.78 0.31
ADT 0.52 0.26-1.05 0.07 0.57 0.28-1.18 0.13
Duration before radiotherapy 0.99 0.99-1.01 0.38
Total duration 0.99 0.99-1.01 0.43
PTV volume 1.01 0.98-1.02 0.89
Radiotherapy methods (HDR-BT vs. others) 0.36 0.14-0.94 0.04 0.36 0.14-0.94 0.04
Acute grade =2 GI 2.15 0.51-8.98 0.30
Late grade =2 GU toxicity
Age 1.04 1.01-1.07 0.02 1.02 0.98-1.07 0.30
iPSA 0.99 0.98-1.01 0.47
Gleason score (=8) 1.57 0.41-2.40 0.04 12 0.95-1.51 0.13
T classification (T1-T2 vs. T3-T4) 1.02 0.60-1.72 0.94
ADT 1.13 0.74-1.70 0.58
Duration before radiotherapy 0.99 0.99-1.01 0.77
Total duration 1.00 0.99-1.01 0.83
PTV volume 1.01 0.99-1.01 0.21
Radiotherapy methods (UHRT vs. others) 2.18 1.21-3.99 0.01 1.75 0.94-3.26 0.07
Medication for bladder symptoms at radiotherapy 2.64 1.65-4.22 <0.001 191 1.18-3.11 0.009
Acute grade =2 GU 3.96 2.76-5.70 <0.001 6.03 3.56-10.2 <0.001

HR: Hazard ratio; CI: confidence interval; GI: gastrointestinal; GU: genitourinary; HDR-BT: high-dose rate brachytherapy; UHRT: ultra-
hypofractionated radiotherapy; iPSA: initial prostate-specific antigen; ADT: androgen deprivation therapy; PTV: planning target volume; NA: not

available.

Discussion

In this retrospective study of 496 prostate cancer patients
from four institutions, no significant differences were
observed in the treatment efficacies among the five
radiotherapy methods. Regarding acute GU toxicity and late
GI toxicity, patients in the HDR-BT group had better
outcomes than those in the other groups. The IPSS and QOL
scores based on patient reports showed the worst peaks in
the LDR-BT group 4 weeks after radiotherapy. The IPSS
peak occurred the earliest in the UHRT group, and the
cumulative incidence of late GU toxicity was the highest
despite the short follow-up period.

To the best of our knowledge, no study has directly
compared the five radiotherapy methods for prostate cancer.
While a few retrospective studies had already compared
HDR-BT with LDR-BT, they showed a slight advantage of
HDR-BT, especially regarding acute GU toxicity (5, 7, 13).
These study findings revealed that the HDR-BT group
experienced less acute GU toxicity and late GI toxicity than
those in the hypofractionated EBRT groups. Yamazaki et al.
found that patients in the HDR-BT group had a lower

incidence of grade =2 acute GU toxicity with an equivalent
incidence of late grade =2 GI/GU toxicities than patients in
the LDR-BT group (5). Although the comparison between
HDR-BT as monotherapy and CFRT is insufficient, a
retrospective study indicated that grade 1 or 2 GI toxicity
was not observed in the HDR-BT group (12). The frequency
of grade 1 or 2 GI toxicity was significantly lower in the
HDR-BT group than in the CFRT group. The results of our
studies in the HDR-BT group are comparable with those of
these previously published studies. We consider that the low
toxicity of the HDR-BT technique is supported by low rectal
and urethral doses (16).

A few reports have compared LDR-BT with CFRT, and
they have commonly indicated that acute GU toxicities were
more severe in LDR-BT than in CFRT (8, 13). In contrast, in
our study, IPSS and QOL scores were worse in the LDR-BT
group, while no significant difference was observed in
physician-recorded acute GU toxicities between the LDR-BT
and EBRT groups. We hypothesized that these seemingly
paradoxical results were due to the use of prophylactic alpha-
blocker medications. Only the LDR-BT group received
prophylactic medication for approximately 1 year after
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radiotherapy, which probably resulted in underestimation of
the acute GU toxicities. We believe that the patient-reported
IPSS and QOL scores were accurate results, and that LDR-BT
had a disadvantage over EBRT regarding acute GU toxicity.

Hypofractionated EBRT has gained increased attention
owing to its proposed high radiation-fraction sensitivity or
cost-effectiveness. After the CHHiP trial, MHRT was no
longer the standard clinical treatment (10). Conversely, the
clinical application of UHRT remained controversial,
especially in terms of GU toxicity. The results of the HYPO-
RT-PC study indicated that acute GU toxicities were more
pronounced with UHRT than with CFRT (11). In contrast,
the PACE-B trial reported that UHRT did not increase the
incidence of acute toxicity compared with CFRT (2). In our
study, the UHRT group was comparable to other EBRT
groups regarding both physician-recorded toxicities and
patient-reported outcomes in the acute phase. However,
many GU toxicities were observed in approximately one
year. The cumulative incidence of late GU toxicity was
slightly higher in the UHRT group than in the other groups.
Further accumulation of data and longer follow-up are
warranted for the UHRT group to determine whether many
events will occur at a later phase.

A comparison of toxicities, in addition to GI/GU, is also
essential. In this study, two cases developed MDS after
radiotherapy in the EBRT group, and one case of MDS was
grade 5. Therapy-related MDS, defined as MDS occurring
after previous chemotherapy or radiotherapy exposure, has
accounted for 10%-20% of all MDS diagnoses (17). A
retrospective cohort study of prostate cancer patients
indicated that patients who underwent radiotherapy had a
significantly increased risk of MDS (18). Importantly, further
analysis of modalities confirmed an increased risk of
developing MDS only with EBRT and not brachytherapy.
Because prostate cancer has a good prognosis, a low
incidence of secondary cancer is a unique advantage of
brachytherapy.

This study has some limitations owing to its non-
randomised retrospective nature and multi-institutional
analysis. Although evaluation criteria of physician-recorded
toxicities were discussed in advance, there may have been
bias among observers. The collected data had missing values.
In particular, IPSS and QOL scores could not be obtained
from patients in the HDR-BT group, and comparisons with
patients in the other groups could not be performed.
Although a linear accelerator and CyberKnife were used for
EBRT, the physical characteristics differed (19). The
difference could have been a confounding factor in the
comparison of each fractionation in EBRT. Each treatment
group had a different number of patients and a different
follow-up period, especially the UHRT which had a small
number and a brief follow-up period. A longer follow-up
with higher numbers of patients is required.
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Regardless of the risk stratification, no significant
differences were observed in the biochemical tumour control
rates among the five radiotherapy methods for prostate
cancer. However, we observed a slight advantage of HDR-
BT over the other radiotherapy methods in terms of toxicity.
Based on patient-reported outcomes, the toxicities were more
severe in the LDR-BT group than in the EBRT group. The
cumulative incidence of late GU toxicity was possibly the
highest in the UHRT group. While the findings of this study
can help determine the best radiotherapy method for the
patient, further studies with more data and a longer follow-
up period, are required.
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