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Abstract Objective: To retrospectively investigate the treatment outcomes of external
beam radiotherapy with androgen deprivation therapy (ADT) in high-risk prostate cancer in
three radiotherapy dose groups.
Methods: Between 1998 and 2013, patients with high-risk prostate cancer underwent three-
dimensional conformal radiotherapy or intensity-modulated radiotherapy of 66 Gy, 72 Gy, or
78 Gy with ADT. Prostate-specific antigen (PSA) relapse was defined using the Phoenix defini-
tion. PSA relapse-free survival (PRFS) was evaluated in each radiotherapy dose group. More-
over, high-risk patients were divided into H-1 (patients with multiple high-risk factors) and
H-2 (patients with a single high-risk factor) as risk subgroups.
Results: Two hundred and eighty-nine patients with a median follow-up period of 77.3 months
were analyzed in this study. The median duration of ADTwas 10.1 months. Age, Gleason score,
T stage, and radiotherapy dose influenced PRFS with statistical significance both in univariate
and multivariate analyses. The 4-year PRFS rates in Group-66 Gy, Group-72 Gy and Group-78 Gy
were 72.7%, 81.6% and 90.3%, respectively. PRFS rates in the H-1 subgroup differed with sta-
tistical significance with an increasing radiotherapy dose having a more favorable PRFS, while
PRFS rates in H-2 subgroup did not differ with increase in radiotherapy dose.
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Conclusion: Dose escalation for high-risk prostate cancer in combination with ADT improved
PRFS. PRFS for patients in the H-1 subgroup was poor, but dose escalation in those patients
was beneficial, while dose escalation in the H-2 subgroup was not proven to be effective for
improving PRFS.
ª 2019 Editorial Office of Asian Journal of Urology. Production and hosting by Elsevier B.V. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
1. Introduction

External beam radiotherapy (EBRT) is one of the mainstays
of management of localized prostate cancer. Previous
studies have shown that outcomes of treatment for prostate
cancer are improved by a higher radiotherapy dose [1e6].
With the introduction of intensity-modulated radiotherapy
(IMRT) as a technique to reduce doses to organs at risk
(OARs), it has become possible to perform dose-escalated
EBRT for prostate cancer. Actually, there are some reports
showing that high-dose radiotherapy improves the local
control of prostate cancer and decreases the risk of distant
metastases [7,8]. Additionally, some studies have shown a
reduction in late toxicities by using IMRT compared with 3-
dimensional conformal radiotherapy (3D-CRT) [9e11].

In our institution, dose escalation of EBRT for prostate
cancer from 66 Gy to 78 Gy has also been performed with
the introduction of IMRT. The purpose of this study was to
evaluate retrospectively the safety and efficacy of dose
escalation of EBRT for patients with high-risk prostate
cancer undergoing definitive EBRT with androgen depriva-
tion therapy (ADT). We also investigated whether there
exist specific subgroups in patients with high-risk prostate
cancer in which dose escalation might improve biochemical
control. There have been few studies in which the efficacy
of dose escalation in various subgroups of patients with
high-risk prostate cancer was evaluated.

2. Materials and methods

2.1. Study population

Patients with high-risk prostate cancer who underwent
definitive EBRT and ADT in the period between 1998 and
2013 were analyzed retrospectively. All of the patients had
biopsy-confirmed prostate adenocarcinoma, and risk clas-
sification according to the National Comprehensive Cancer
Network guidelines (www.nccn.org) was used in the present
study. Patients with clinical stage T3a or higher, Gleason
score (GS) of 8 or higher, or initial prostate-specific
antigen (PSA) level of more than 20 ng/mL were classified
as high-risk patients. In the present study, patients with a
very high risk were included in the high-risk group. Pa-
tients with initial PSA level of more than 50 ng/mL and
patients with lymph node or distant metastases were
excluded. Patients in whom an obvious increase in PSA was
detected during ADT before receiving radiotherapy were
also excluded.
2.2. Radiotherapy

The methods used for radiotherapy in the early period of
the present study were described previously [12]. Patients
received 66 Gy, 72 Gy or 78 Gy to the prostate region in a
daily fractional dose of 2 Gy. EBRT was performed by 3D-
CRT (66 Gy or 72 Gy) or IMRT (72 Gy or 78 Gy).

Some patients received whole pelvis EBRT of 40e46 Gy
followed by localized irradiation. The others received EBRT
only to the prostate and seminal vesicles. The radiation
oncologists decided whether or not to irradiate the whole
pelvis with consideration of the patient’s age, performance
status, and number of high risk factors.

In radiation of the prostate with seminal vesicles, the
prostate and bilateral seminal vesicles were defined as
clinical target volume-local (CTV-Lo), with inclusion of
extraprostatic tumor extension if present. Planning target
volume-local (PTV-Lo) in IMRT was contoured as CTV-Lo
with 5e8mm margins except posteriorly, where 4e6mm
margins were added. PTV-Lo in 3D-CRT was defined as CTV-
Lo plus 6e10mm margins and posterior 4e10mm margins.
In whole pelvic irradiation, CTV-whole pelvis (CTV-WP)
included the whole prostate, whole seminal vesicles, and
pelvic lymph node regions including presacral, bilateral
common iliac, internal iliac, external iliac and obturator
lymph node regions. The PTV of the whole pelvis (PTV-WP)
was defined as the CTV-WP with 10mm margins except for a
7mm margin posteriorly for the whole prostate and seminal
vesicles and a 4mm margin for pelvic lymph node regions.
IMRT planning and 3D-CRT planning were performed by
ECLIPSE (Varian Medical Systems, Palo Alto, CA, USA) and
FOCUS (CMS, St. Louis, MO, USA), respectively. The dose
constraints of the inverse planning of IMRT were PTV-Lo D95

(dose irradiated more than 95% of PTV) of 90% or more of
the prescribed dose and PTV-Lo V90 (volume of the PTV
receiving at least 90% of the prescribed dose) of 96% or
more of the PTV-Lo. The maximal dose within the PTV-Lo
should be less than 110% of the prescribed dose, and
mean PTV-Lo dose should be 100%e102% of the prescribed
dose. OAR constraints were rectal wall V40 (volume of the
OAR receiving more than or equal to 40 Gy): Less than 60%,
V60: Less than 35%, V70: Less than 25%, V80: Less than 1%,
and bladder wall V40: Less than 60%, and V70: Less than 35%.
2.3. ADT

All of the patients underwent ADT, but the length of ADT
varied partly because some patients had already received
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ADT in other institutions at the time of referral. ADT was
performed by maximum androgen blockade (MAB) consist-
ing of luteinizing hormone-releasing hormone (LH-RH) plus
an anti-androgen agent or LH-RH alone. Most of the pa-
tients received neoadjuvant hormonal therapy, and some
patients continued to receive adjuvant hormonal therapy
after EBRT.

2.4. Follow-up

Measurement of PSA was performed every 3e6 months after
radiotherapy. PSA relapse was defined using the Phoenix
definition (nadir plus 2 ng/mL) [13]. Many patients in whom
PSA had risen to more than 4 ng/mL after radiotherapy
began to receive salvage hormonal therapy. Bone scintig-
raphy and CT were performed to detect distant metastases
including lymph node metastasis as necessary.

Late toxicities were evaluated using the Common Termi-
nology Criteria for Adverse Events version 4.03 (http://ctep.
cancer.gov/protocolDevelopment/electronic_applications/
ctc.htm#ctc_40). Adverse events that occurredmore than 90
days after radiotherapy were defined as late toxicities.

2.5. Statistical analysis

The characteristics of patients in Group-66 Gy, Group-72 Gy
and Group-78 Gy were compared using the chi-square test
for dichotomous variables or the ManneWhitney test for
continuous variables. PSA relapse-free survival (PRFS) was
calculated from the start of radiotherapy with PSA relapse
as an event and death without PSA relapse. We also eval-
uated distant metastases-free survival (DMFS), cause-
specific survival (CSS), and overall survival (OS). In DMFS
calculation, death without distant metastasis was consid-
ered as censored. Lymph node metastases were included in
distant metastases. In CSS calculation, patients who had
PSA relapse or distant metastases and subsequently died
were defined as patients who died due to prostate cancer.
Patients lost to follow-up were censored at the time of the
last follow-up observation in each survival. Survival curves
were drawn by the KaplaneMeier method. Differences be-
tween patient subgroups for prognostic factors were
analyzed by the log-rank test as univariate analysis. Multi-
variate analysis using the Cox proportional hazards regres-
sion model was performed with the prognostic factors with
p< 0.05 in the univariate analysis. Moreover, the high-risk
group was divided into H-1 (patients with multiple high-
risk factors) and H-2 (patients with a single high-risk fac-
tor) as risk subgroups, and the efficacy of dose increment in
each risk subgroup was investigated. We also evaluated
treatment results in the H-1 subgroup in more detail by
using further subgroups (an intermediate prognosis sub-
group including both PSA >20 ng/mL and stage cT3e4, and
a poor prognosis subgroup containing a combination of GS
8e10 with either PSA >20 ng/mL and/or stage cT3e4)
identified by Joniau et al. [14]. All tests were two-sided,
and statistical significance was set at the level of
p< 0.05. Statistical analysis was performed using JMP� 10
(SAS Institute Inc., Cary, NC, USA). This study was approved
by the institutional review board of National Cancer Center
(2014-223).
3. Results

Two hundred and eighty-nine patients were analyzed in the
present study. The patients’ characteristics in each radio-
therapy dose group are shown in Table 1. The numbers of
patients in Group-66 Gy, Group-72 Gy and Group-78 Gy were
73 (25%), 173 (60%) and 43 (15%), respectively. There were
statistically significant differences between the radio-
therapy dose groups in GS, T stage, length of ADT, and
administration of IMRT and whole pelvis irradiation. The
frequency of whole pelvis irradiation was higher and the
duration of ADT was longer in Group-66 Gy than in the other
groups. There were more patients with GS 8e10 in Group-
72 Gy and there were more patients with T3e4 in Group-
66 Gy.

The median follow-up period for all patients was 77.3
months (range, 3.4e168.0 months). The follow-up period
for patients in Group-78 Gy was shorter than that for other
patients because the patients were treated by IMRT, which
was started in our institution in 2007 (Table 1). The PRFS,
DMFS, CSS and OS rates in all patients was shown in Table 2.
The 4-year and 7-year PRFS rates for all patients were 80.5%
(95% confidence interval [CI]: 75.3%e84.8%) and 66.3%
(95% CI: 59.7%e72.4%) (Fig. 1A).

Results of univariate and multivariate analyses of PRFS
are shown in Table 3. In univariate analysis, age, GS, T
stage, radiotherapy dose, and whole pelvis irradiation were
statistically significant prognostic factors for PRFS. Multi-
variate analysis of PRFS showed statistical significance in
age, GS, T stage, and radiotherapy dose. The 4-year PRFS
rates in Group-66 Gy, Group-72 Gy and Group-78 Gy were
72.7% (95% CI: 61.1e81.9), 81.6% (95% CI: 74.8e86.8) and
90.3% (95% CI: 76.8e96.3), respectively. The 7-year PRFS
rates in Group-66 Gy and Group-72 Gy were 54.3% (95% CI:
42.0e66.1) and 69.5% (95% CI: 61.3e76.6), respectively.
Because of the short follow-up period, the 7-year PRFS rate
in Group-78 Gy could not be calculated (Fig. 1B).

The PRFS, DMFS, CSS and OS rates in the H-1 and H-2
subgroups was shown in Table 2. There was statistical sig-
nificance between two subgroups in PRFS, DMFS, and CSS
(p< 0.001, pZ 0.012, and pZ 0.010). The 4-year PRFS
rates in the H-1 and H-2 subgroups were 74.3% (95% CI:
67.2%e80.3%) and 91.6% (95% CI: 84.0%e95.7%), respec-
tively. The 7-year PRFS rates in the H-1 and H-2 subgroups
were 57.4% (95% CI: 48.9%e65.5%) and 83.7% (95% CI: 73.3%e
90.6%), respectively. In each risk subgroup, the prognostic
significance of radiotherapy dose was examined (Table 4). In
the H-1 subgroup with multiple high-risk factors, PRFS was
significantly different according to radiotherapy dose groups
with an increasing radiotherapy dose showing favorable
PRFS (Fig. 2A). On the other hand, in H-2 subgroup with a
single high-risk factor, the difference in PRFS rates did not
reach statistical significance between radiotherapy dose
groups (Fig. 2B). There were no statistically significant dif-
ferences in DMFS, CSS, and OS according to radiotherapy
dose groups in H-1 patients as well as in H-2 patients.

We also investigated details about H-1 subgroup. The
PRFS, DMFS, CSS and OS rates in the intermediate and poor
risk subgroups were shown in Table 2. There was statistical
significance between two subgroups in PRFS (pZ 0.039). The
4-year PRFS rates in the intermediate risk and poor risk
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Table 2 Prostate-specific antigen relapse-free survival (PRFS), distant metastases-free survival (DMFS), cause-specific survival
(CSS) and overall survival (OS) of each subgroup.

4-year PRFS rate (%)
(95% CI)

4-year DMFS rate (%)
(95% CI)

4-year CSS rate (%)
(95% CI)

4-year OS rate (%)
(95% CI)

7-year PRFS rate (%)
(95% CI)

7-year DMFS rate (%)
(95% CI)

7-year CSS rate (%)
(95% CI)

7-year OS rate (%)
(95% CI)

All patients 80.5 (75.3e84.8) 94.2 (90.8e96.4) 97.0 (94.1e98.5) 96.3 (93.2e98.0)
66.3 (59.7e72.4) 89.7 (84.8e93.1) 94.3 (90.4e96.7) 90.5 (85.7e93.8)

H-1 74.3 (67.2e80.3) 92.6 (87.7e95.7) 95.8 (91.4e98.0) 94.7 (90.1e97.2)
57.4 (48.9e65.5) 87.4 (80.8e91.9) 91.8 (85.9e95.3) 88.2 (81.6e92.6)

Intermediate risk 84.6 (73.7e91.6) 97.0 (88.8e99.3) 98.5 (90.2e99.8) 96.9 (88.6e99.2)
65.2 (51.1e77.1) 94.2 (82.7e98.2) 96.8 (88.0e99.2) 92.4 (80.8e97.3)

Poor risk 69.1 (59.7e77.1) 90.0 (82.5e94.3) 94.1 (87.5e97.3) 93.3 (86.4e96.7)
52.7 (42.0e63.1) 83.0 (73.7e89.5) 88.7 (80.0e93.9) 83.8 (74.2e90.3)

H-2 91.6 (84.0e95.7) 97.9 (92.2e99.5) 100 100
83.7 (73.3e90.6) 96.3 (88.6e98.8) 100 95.4 (86.5e98.5)

H-1, patients with multiple high-risk factors; H-2, patients with a single high-risk factor; CI, confidence interval.

Table 1 Patients’ characteristics of each radiotherapy dose group.

Characteristic Total Group-66 Gy Group-72 Gy Group-78 Gy p-Value

N 289 73 (25) 173 (60) 43 (15)
Median follow-up period (month) 77.3 102.4 84.1 48.1
Age at radiotherapy 0.899

Median (year) 72 72 72 70
�70 years 115 (40) 26 (36) 66 (38) 23 (53)
>70 years 174 (60) 47 (64) 107 (62) 20 (47)

Initial PSA 0.902
Median (ng/mL) 21.2 21.5 20.9 23.6
�20 ng/mL 129 (45) 34 (47) 76 (44) 19 (44)
>20 ng/mL 160 (55) 39 (53) 97 (56) 24 (56)

Gleason score <0.001
6e7 147 (51) 49 (67) 73 (42) 25 (58)
8e10 139 (48) 22 (30) 99 (57) 18 (42)
Unknown 3 (1) 2 (3) 1 (1) 0 (0)

T stage <0.001
T1-2 65 (22) 6 (8) 45 (26) 14 (33)
T3-4 223 (77) 67 (92) 127 (73) 29 (67)
Unknown 1 (1) 0 (0) 1 (1) 0 (0)

Risk subgroup 0.44
H-1 184 (64) 47 (64) 113 (65) 24 (56)
H-2 101 (35) 24 (33) 58 (33) 19 (44)
Unknown 4 (1) 2 (33) 2 (33) 0 (0)

Length of ADT <0.001
Median (month) 10.1 12.2 9.3 8.1
�12 months 184 (64) 32 (44) 122 (71) 30 (70)
>12 months 105 (36) 41 (56) 51 (29) 13 (30)
IMRT 90 (31) 0 (0) 47 (27) 43 (100) <0.001

Whole pelvis irradiation <0.001
þ 159 (55) 59 (81) 81 (47) 19 (44)
� 130 (45) 14 (19) 92 (53) 24 (56)

ADT, androgen deprivation therapy; H-1, patients with multiple high-risk factors; H-2, patients with a single high-risk factor; IMRT,
intensity-modulated radiotherapy; PSA, prostate-specific antigen.
Note: Data are presented as n (%) except specially indicated.
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subgroups were 84.6% (95% CI: 73.7%e91.6%) and 69.1% (95%
CI: 59.7%e77.1%), respectively. The 7-year PRFS rates in the
intermediate risk and poor risk subgroups were 65.2% (95% CI:
51.1%e77.1%) and 52.7% (95% CI: 42.0%e63.1%), respectively.
While PRFS was significantly different according to radio-
therapy dose groups in intermediate risk group (pZ 0.010),
there were no significant differences in PRFS between three
radiotherapy groups in poor risk group (pZ 0.200).



Figure 1 Prostate-specific antigen relapse-free survival
(PRFS) in all patients (A) and in each radiotherapydose group (B).

Table 3 Results of univariate and multivariate analyses of
prostate-specific antigen relapse-free survival.

Factor 4-year PRFS
rate (%) (95% CI)

p-Value

UA MA

Age at radiotherapy 0.004 0.028
�70 years 72.1 (63.1e79.7)
>70 years 86.3 (80.0e90.8)

Initial PSA 0.38 NA
�20 ng/mL 81.2 (77.3e87.2)
>20 ng/mL 79.9 (71.8e85.0)

Gleason score 0.002 <0.001
6e7 88.2 (81.5e92.6)
8e10 73.0 (64.8e79.8)

T stage 0.005 0.010
T1-2 88.6 (77.9e94.5)
T3-4 78.4 (72.3e83.5)

Radiotherapy dose 0.036* 0.039
66 Gy 72.7 (61.1e81.9)
72 Gy 81.6 (74.8e86.8)
78 Gy 90.3 (76.8e96.3)

Length of ADT 0.08 NA
�12 months 82.8 (76.5e87.7)
>12 months 76.3 (66.8e83.8)

Whole pelvis irradiation 0.002 0.32
þ 75.2 (67.7e81.6)
� 86.9 (79.7e91.8)

ADT, androgen deprivation therapy; CI, confidence interval; MA,
multivariate analysis; PSA, prostate-specific antigen; UA, uni-
variate analysis; NA, not stated.
*pZ 0.099 between 66 Gy and 72 Gy, pZ 0.109 between 72 Gy
and 78 Gy, pZ 0.013 between 66 Gy and 78 Gy.
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As for morbidities, the 5-year incidence rates of Grade 2
or greater genitourinary (GU) and gastrointestinal (GI)
morbidities were 3.3% (95% CI: 1.6%e6.5%) and 3.0%
(95% CI: 1.5%e5.1%), respectively. Late toxicities in each
radiotherapy dose group are shown in Table 5. Although the
follow-up period was comparatively short, there were no
patients with late toxicities of Grade 2 or greater in Group-
78 Gy.

4. Discussion

It has been shown that treatment outcomes were better for
radiotherapy with ADT than for radiotherapy alone in
intermediate-risk and high-risk prostate cancers [15e18]. In
addition, some studies showed that dose escalation in
radiotherapy alone for prostate cancer led to an improve-
ment of PRFS [1,6,19]. Thus, high-intensity treatment by
dose escalation radiotherapy and ADT is deemed necessary
for high-risk prostate cancer. Some studies demonstrated
improvement of treatment outcomes by dose escalation in
combinations with short-term ADT in high-risk prostate
cancer [3,20]. Dearnaley et al. [3] reported that the 5-year
biochemical progression-free survival rates in patients with
high-risk prostate cancer receiving 64 Gy and 74 Gy with
hormonal therapy for 3e6 months were 43% and 57%,
respectively. Zelefsky et al. [20] also reported that PRFS
with 75.6 Gy or more was superior to that with 70.2 Gy or
less in patients with T3 who received short-course ADT.
Williams et al. [21] reported that patients treated with
lower radiation doses had a significantly greater benefit for
increasing ADT duration, and radiotherapy dose escalation
in combination with long ADT has not been proven to be
beneficial in high-risk prostate cancer. However, our study
demonstrated improvement of PRFS by radiotherapy dose
escalation in combination with ADT with a median duration
of 10.1 months. Recent studies have shown treatment
outcomes of high-dose radiotherapy with long-term ADT
[22,23]. Zapatero et al. [23] reported that 2 years of
adjuvant ADT combined with high-dose radiotherapy
(76e82 Gy) improved biochemical control (5-year: 88% vs.
76%) and OS (5-year: 96% vs. 82%) compared with short-
term ADT in high-risk cancer patients. Further investigation
of the duration of ADT in patients receiving high dose
irradiation is desirable.

There are differences in treatment outcomes among
high-risk patients. Some studies showed worse treatment
outcomes in patients with multiple high-risk factors than in
patients with a single high-risk factor who received pros-
tatectomy and brachytherapy-based treatment for high-
risk prostate cancer [14,24,25]. Similarly, our study using
EBRT also demonstrated a statistically significant difference
in PRFS rates among risk subgroups with poor PRFS in pa-
tients with multiple high-risk factors (especially in the
group having a combination of GS 8e10 with either PSA
>20 ng/mL and/or stage cT3e4). Stenmark et al. [26] also
revealed that an increasing number of high-risk factors was
associated with worse outcomes. Detailed analysis in the



Table 4 PRFS, DMFS, CSS, and OS of risk subgroups according to radiotherapy dose group.

Risk subgroup 4-year PRFS
rate (%) (95% CI)

4-year DMFS
rate (%) (95% CI)

4-year CSS
rate (%) (95% CI)

4-year OS
rate (%) (95% CI)

H-1 pZ 0.020* pZ 0.686 pZ 0.118 pZ 0.070
Group-66 Gy 59.9 (45.0e73.1) 88.8 (75.7e85.3) 93.5 (81.6e97.9) 91.3 (78.9e96.7)
Group-72 Gy 78.3 (69.3e85.1) 92.3 (85.3e96.1) 96.0 (90.0e98.5) 96.0 (89.8e98.5)
Group-78 Gy 91.1 (70.5e97.8) 95.4 (73.8e99.4)a 100a 100

H-2 pZ 0.604** pZ 0.383 pZ 0.735 pZ 0.887
Group-66 Gy 86.3 (65.2e95.5) 100 100 100
Group-72 Gy 88.5 (76.6e94.8) 98.3 (88.8e99.8) 100 100
Group-78 Gy 94.4 (69.3e99.2) 94.7 (70.6e99.2) 100 100

PRFS, prostate-specific antigen relapse-free survival; DMFS, distant metastases-free survival; CSS, cause-specific survival; OS, overall
survival; H-1, patients with multiple high-risk factors; H-2, patients with a single high-risk factor; CI, confidence interval.
*pZ 0.057 between 66 Gy and 72 Gy; pZ 0.103 between 72 Gy and 78 Gy; pZ 0.008 between 66 Gy and 78 Gy.
**pZ 0.309 between 66 Gy and 72 Gy; pZ 0.920 between 72 Gy and 78 Gy; pZ 0.954 between 66 Gy and 78 Gy.
a 3-year.

Figure 2 Prostate-specific antigen relapse-free survival
(PRFS) in each radiotherapy dose group for H-1 patients (pa-
tients with multiple high-risk factors) (A) and H-2 patients
(patients with a single high-risk factor) (B).

Table 5 Incidence of late toxicities (n [%]) according to
the common terminology criteria for adverse events ver. 4.

Grade 2 Grade 3 Grade 4 Grade 5

Genitourinary
Group-66 Gy 3 (4.1) 0 (0) 0 (0) 0 (0)
Group-72 Gy 4 (2.3) 4 (2.3) 0 (0) 0 (0)
Group-78 Gy 0 (0) 0 (0) 0 (0) 0 (0)

Gastrointestinal
Group-66 Gy 0 (0) 0 (0) 0 (0) 0 (0)
Group-72 Gy 6 (3.5) 1 (0.1) 1 (0.1) 0 (0)
Group-78 Gy 0 (0) 0 (0) 0 (0) 0 (0)
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present study showed that the improvement of PRFS by
dose escalation was more remarkable in prostate cancer
patients with multiple high-risk factors. Although Wattson
et al. [25] reported that outcomes of brachytherapy with
EBRT were better than outcomes of brachytherapy alone in
patients with multiple high-risk factors, we reported here
for the first time that PRFS was improved by radiotherapy
dose escalation in those patients who received only EBRT.
There were no significant differences according to dose
escalation in the H-2 group in the present study. Bolla et al.
[27] reported that no statistically significant interaction
could be detected between treatment effect and radio-
therapy dose in combination with 6 months of ADT in pa-
tients with intermediate-risk and high-risk prostate cancer.
However, the characteristics of patients who were enrolled
in their study seem to be similar to the characteristics of
patients in the H-2 group in our study. We assume that the
effect of dose escalation was weakened by using long-term
ADT in those patients. Other studies also showed the
treatment outcome about radiotherapy in favorable high-
risk patients expecting good prognosis. A limited role of
dose escalation was also suggested by Wattson et al. [25]
and Muralidhar et al. [28], although they used mainly
brachytherapy in their series. The role of radiotherapy dose
escalation appears to be limited in prostate cancer patients
with a single high-risk factor, provided that they undergo
long-term ADT.

There were some limitations in our retrospective study.
First, there were imbalances in some prognostic factors
between radiotherapy dose groups. However, the imbal-
ances could be compensated by applying a multivariate
analysis of possible prognostic factors of PRFS, and statis-
tical significance of the impacts of radiotherapy dose on
PRFS remained in multivariate analysis. Second, it was
difficult to assess the efficacy of whole pelvis irradiation in
the present study. Although it would be expected that
those who have whole pelvis radiotherapy would have
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better treatment outcomes, PRFS in patients with whole
pelvis irradiation was inferior to that in patients without
whole pelvis irradiation in the present study. Those results
might be affected by the higher frequency of whole pelvis
irradiation in Group-66 Gy. Third, the follow-up period in
Group-78 Gy was shorter than the follow-up periods in the
other groups, and long-term results in Group-78 Gy could
not be calculated. Finally, due to the retrospective nature
of this study, the incidence of morbidities might have been
underestimated. A prospective study on dose escalation in
high-risk prostate cancer patients undergoing long-term
ADT is warranted.

5. Conclusion

Dose escalation for high-risk prostate cancer in combination
with ADT improved PRFS. The PRFS for patients in the H-1
subgroup was poor, but dose escalation in those patients
appeared to be beneficial. Dose escalation in the H-2 sub-
group was not proven to be effective for improving PRFS,
and dose escalation has a limited role in those patients
treated with long-term ADT.
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