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Abstract

Objective: To explore radiation oncologists’ attitudes and practice patterns of radiotherapy for

hormone-naïve prostate cancer with bone metastases in Japan.

Methods: An internet-based survey was distributed to board-certified radiation oncologists of the

Japanese Society of Radiation Oncology. Three hypothetical cases were assumed: hormone-naïve

prostate cancer with single, three or multiple non-symptomatic bone metastases. The respondents

described their attitude regarding such cases, treatment methods and the radiotherapy dose

fractionation that they would recommend.

Results: Among the 1013 board-certified radiation oncologists in Japan, 373 (36.8%) responded

to the questionnaire. Most of the respondents (85.0%) believed that radiotherapy may be appli-

cable as a primary treatment for hormone-naïve prostate cancer with bone metastases in some

circumstances. For Case 1 (single bone metastasis), 55.0% of the respondents recommended

radiotherapy for the prostate and bone metastasis. For Case 2 (three bone metastases), only

24.4% recommended radiotherapy for all lesions, and 31.4% recommended radiotherapy for the

prostate only. For Case 3 (multiple bone metastases), 49.1% of the respondents stated that there

was no indication for radiotherapy. However, 34% of the respondents still preferred to administer

radiotherapy for the prostate. The radiotherapy techniques and dose fractionations varied widely

among the respondents.
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Conclusion: Most of the respondent radiation oncologists believed that radiotherapy may be

beneficial for hormone-naïve prostate cancer with bone metastases.

Key words: radiotherapy, prostate cancer, metastasis, neoplasm metastasis

Introduction

In the treatment of prostate cancer with bone metastases (bmPCa),
radiotherapy has traditionally been used only for palliation, but
several recent studies have reported the possibility of improving the
prognosis of patients with oligometastatic prostate cancer by treating
all lesions with radiotherapy (1,2). There is also evidence indicating
that the addition of local therapy such as surgery or radiotherapy
to systemic therapy may improve the prognosis (3,4). Recent ran-
domized trials compared systemic therapy versus systemic therapy
plus local radiotherapy in patients with hormone-sensitive metastatic
prostate cancer (5,6), and although radiotherapy to the prostate did
not improve the patients’ overall survival, local radiotherapy tended
to improve the survival of the patients with low-volume metastases
(7). The role of radiotherapy administered to the primary tumor
and/or sites of oligometastases for patients with hormone-sensitive
bmPCa has been discussed, and clinical trials have examined the
efficacy of radiotherapy for patients’ metastatic prostate cancer (8,9).

However, it is unclear how radiotherapy is actually applied in
clinical settings for patients with bmPCa (10). To our knowledge,
no previous surveys have focused on the attitude of radiation oncol-
ogists regarding the treatment of bmPCa. In the present study, we
distributed a questionnaire survey about the use of radiotherapy
for bmPCa to board-certified radiation oncologists in Japan to
investigate their current patterns of practice and their attitudes about
radiotherapy for bmPCa.

Materials and methods

The national survey was designed and conducted by the Urologic
Oncology Group of the Japanese Radiation Oncology Study Group,
and the survey was approved by the Japanese Society of Radiation
Oncology. An e-mail notifying recipients about this internet-based
survey on radiotherapy for bmPCa was sent to 1013 Japanese board-
certified radiation oncologists on 12 December 2017. The survey’s
questions included whether the respondent would recommend radio-
therapy aiming at the improvement of the prognosis of patients with
bmPCa, whether the respondent had treated patients with bmPCa
by using radiotherapy with radical intent in the past and how
radiotherapy would be given to three hypothetical cases. All three
of the hypothetical cases were uncomplicated cases of 60-year-old
patients with hormone-sensitive primary bmPCa.

We hypothesized that bone metastases were osteoblastic, with
the absence of mass formation, pain and the fear of spinal cord
compression. There were also no visceral or lymph node metas-
tases. Case 1 had a single bone metastasis. Case 2 had three bone
metastases. Case 3 had multiple bone metastases (Fig. 1). The survey
asked the following: when the prostate-specific antigen (PSA) value
of the hypothetical patients tended to decline after the start of
hormonal therapy, how and where would the respondent administer
radiotherapy, on the condition that ideal treatment techniques can be
used without any limitation from the medical insurance system.

The survey was closed on 9 January 9 2018, and 372 radia-
tion oncologists responded (36.7% of all board-certified radiation

oncologists in Japan). To compare the different dose fractionation
schedules, we calculated the biologically effective dose (BED) based
on the linear-quadratic formula using an α/β ratio of 1.5 Gy for a
tumor.

Results

The respondents included 55 radiation oncologists (14.8%) with
1–4.9 years of experience as a radiation oncologist after board
certification, 70 radiation oncologists (18.8%) with 5–9.9 years, 151
(40.6%) with 10–19.9 years and 96 (25.8%) with ≥20 years. For the
question of whether external beam radiotherapy or brachytherapy
(not including radium-223) has the ability to improve the overall
survival of bmPCa patients, 317 of the 372 respondents (85.2%)
responded that radiotherapy might improve survival in some cir-
cumstances, and 20 (5.4%) responded that radiotherapy did not
contribute to the improvement in prognosis. Thirty-five respondents
(9.4%) replied that they did not know or were unable to answer
this question. Interestingly, slightly lower percentage of radiation
oncologists with 1–4.9 years of experience responded that radio-
therapy might improve survival, than those with 5–9.9 years, 10–
19.9 years or ≥20 years of experience (80.0% versus 88.6, 86.1,
84.4%, respectively), because radiation oncologists with 1–4.9 years
of experience tended to reply that they were unable to answer this
question compared with those with longer experiences (12.7% versus
5.7, 7.9, 8.3%, respectively).

For the question of whether the respondent had any experi-
ence(s) in which radiotherapy with radical intent had been applied
for bmPCa, 252 radiation oncologists (67.7%) answered Yes, 100
(26.9%) answered No and 20 (5.4%) replied that they did not know
or were unable to answer.

The recommended treatment strategies of radiotherapy for Cases
1–3 are shown in Table 1. The respondents’ responses regarding the
dose per fraction and the total BED to the prostate and/or bone (when
a respondent recommended radiotherapy) are shown in Figs 2 and 3.
For Case 1 (a single bone metastasis), 54.8% of the radiation oncolo-
gists responded that both the prostate and bone metastasis should be
irradiated, and only 11.3% felt that this patient was not a candidate
for radiotherapy. For Case 2 (three bone metastases), 24.5% of the
respondents recommended radiotherapy for both the prostate and
bone metastases, and 31.5% believed that only the prostate should
be irradiated. Interestingly, for Case 3 (multiple bone metastases),
34.1% of the respondents still recommended radiotherapy for the
prostate only, whereas 48.9% responded that radiotherapy was not
indicated.

Regarding the prostate, most respondents chose the conventional
fractionation of 2 Gy using intensity-modulated radiotherapy
(IMRT). The survey responses indicated that a dose fraction of
3 Gy or more using three-dimensional conformal radiotherapy
(3DCRT) tended to be applied to the bone lesions. A high BED
to the prostate was administered in all three cases, and a lower
BED tended to be selected for bone metastases as the number
of metastases increased. Stereotactic ablative body radiotherapy
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Figure 1. Bone scintigraphic images of the hypothetical cases. Case 1 had a single bone metastasis. Case 2 had three bone metastases. Case 3 had multiple bone

metastases.

Table 1. The recommended treatment strategies of radiotherapy for the three hypothetical cases

Case 1 Case 2 Case 3

Do you intend to perform radiotherapy?
Yes, prostate only 76 (20.4%) 117 (31.5%) 127 (34.1%)
Yes, prostate and bone metastasis 204 (54.8%) 91 (24.5%) 8 (2.2%)
Yes, bone metastasis only 29 (7.8%) 30 (8.1%) 20 (5.4%)
No indication 42 (11.3%) 107 (28.8%) 182 (48.9%)
Others 21 (5.6%) 26 (7%) 34 (9.1%)
If yes, what is a treatment method for the prostate?
3DCRT 41 (14.6%) 35 (16.8%) 28 (20.7%)
IMRT 225 (80.4%) 162 (77.9%) 97 (71.9%)
SABR 9 (3.2%) 6 (2.9%) 7 (5.2%)
HDR brachytherapy 1 (0.4%) 1 (0.5%) 1 (0.7%)
LDR brachytherapy 0 (0%) 0 (0%) 1 (0.7%)
Others 4 (1.4%) 4 (1.9%) 1 (0.7%)
What is a treatment method for bone metastasis?
3DCRT 129 (56.1%) 78 (64.5%) 20 (71.4%)
IMRT 67 (29.1%) 31 (25.6%) 1 (3.6%)
SABR 27(11.7%) 4(3.3%) 1 (3.6%)
Others 7 (3%) 8 (6.6%) 6 (21.4%)

Because there were some missing data, the total numbers of each category may not agree with each other. 3DCRT, three-dimensional conformal radiotherapy;
HDR, high dose rate; IMRT, intensity-modulated radiotherapy; LDR, low dose rate; SABR, stereotactic ablative body radiotherapy.

(SABR; 6 Gy per fraction or more) was rarely used for the
prostate.

Discussion

Because prostate cancer frequently metastasizes to the bone, the
management of patients with bmPCa is very important. The tradi-
tional main roles of radiotherapy for bone metastases have been pain

control, the prevention of pathologic fractures and as treatment
of spinal cord compression associated with bone metastases. How-
ever, several research groups have suggested that the addition of
radiotherapy may prolong the survival of patients with bmPCa. For
example, using the SEER-Medicare linked database, Satkunasivam
et al. reported that local therapy including radical prostatectomy
and IMRT was associated with a survival benefit in men with
metastatic prostate cancer (4). In their propensity score analysis
using the National Cancer Database, Rusthoven et al. demonstrated
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Figure 2. The dose per fraction and total biologically effective dose (BED) to the prostate among the respondents who recommended radiotherapy.

that patients with metastatic prostate cancer who received local
radiotherapy and androgen deprivation therapy (ADT) achieved
substantially longer survival than the patients treated with ADT
alone (3).

Clinical trials have been conducted based on these retrospective
studies. In the HORRAD trial, Boevé et al. examined whether overall
survival was improved by adding local irradiation to ADT in patients
with bmPCa (5). Most of the 432 patients enrolled in that trial
had advanced bmPCa with the median PSA level of 142 ng/ml and
more than five bone metastases. Although the median time to PSA
progression in the radiation group was significantly improved, no
significant between-group difference was found in overall survival.
In the STAMPEDE trial, Parker et al. compared systemic therapy
with or without local radiotherapy in patients with newly diagnosed
metastatic prostate cancer (6); the systemic therapy included lifelong
ADT with or without docetaxel. Although local radiotherapy did not
improve the survival of the unselected patients, overall survival was
improved significantly in the patients with low-volume metastases.
Parker et al. concluded that radiotherapy to the prostate should be
a standard treatment option for prostate cancer patients with a low-
metastatic burden.

The optimum total dose and radiation technique for the prostate
in patients with low-volume metastatic prostate cancer are uncertain.
The radiation dose fractionation and techniques used in the clinical
trials evaluating prostate radiotherapy for patients with primary
metastatic prostate cancer are summarized in Table 2 (5,6,11). Com-
pared with the currently applied dose schedules for localized prostate
cancer such as 78 Gy/39 fraction (BED 182) or 60 Gy/20 fraction

(BED 180), the radiation doses applied in the clinical trials are slightly
lower, because the standard schedule would be too burdensome for
patients with metastatic prostate cancer (6) or the overall survival
would not be improved by dose escalation (5). Therefore, the US
National Comprehensive Cancer Network guideline for prostate
cancer states that a dose escalation beyond the BED equivalents used
in the STAMPEDE trial is not recommended (12). On the other hand,
higher dose schedules are commonly used in patients with high-risk
localized prostate cancer (13,14).

The recent development of more sensitive imaging techniques
using radiotracers targeting a prostate-specific membrane antigen
revealed that patients with high-risk prostate cancer frequently have
lymph node or distant metastases, which cannot be detected by
conventional imaging modalities (15). In these cases, it has been
demonstrated that radiotherapy in addition to lifelong ADT improves
overall survival (16,17). As shown in Fig. 2, a number of Japanese
radiation oncologists tend to prefer to use a total BED that is as high
as the currently applied dose schedules for high-risk prostate cancer.
In addition to the dose schedules, the definitions of the clinical target
volume (CTV) and the margins of the planning target volume (PTV)
from the CTV seems to be also important (Table 2). Although the
definition of the CTV has varied among the clinical trials, the PTV
margins were the same as the currently applied margins (Table 2). It
seems likely that the PTV margin can be diminished—in cases with
metastatic lesions that are not irradiated—to decrease the incidence
of adverse effects. Further studies are needed to evaluate the impact
of the dose fraction schedules and the treatment planning in prostate
cancer cases.
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Figure 3. The dose per fraction and total BED to the bone lesions among the respondents who recommended radiotherapy.

Table 2. Radiation dose fractionation and techniques in clinical trials evaluating prostate radiotherapy for patients with primary metastatic

prostate cancer

Protocol Dose schedule BED (Gy) Technique CTV PTV margin from
CTV

HORRAD 70 Gy/35
fraction/daily/7 weeks

163.3 3DCRT or IMRT P + SV base 8 mm (with gold
marker) or 1 cm

57.76 Gy/19
fraction/3×/week/6
weeks

174.8

STAMPEDE 55 Gy/20
fraction/daily/4 weeks

155.8 n.s. P only 1 cm with 8 mm
posteriorly

36 Gy/6
fraction/1×/week/6
weeks

180.0

PEACE-1 74 Gy/37
fraction/daily/7–8
weeks

172.7 3DCRT or IMRT n.s. n.s.

BED was calculated using an α/β ratio of 1.5 Gy for tumor. The effect of time factor was not taken into account. n.s., not specified; P, prostate; SV, seminal
vesicles.

Radiotherapy to all lesions is an emerging treatment option
for oligometastatic prostate cancer. However, the evidence regard-
ing whether there is a further benefit of radiotherapy to all
oligometastatic lesions in addition to the prostate is limited. SABR
is frequently used as a radiation technique for patients with
oligometastatic prostate cancer. Siva et al. treated 33 patients with

oligometastatic prostate cancer by using a single fraction of 20-Gy
SABR to each lesion (1). They reported that a single SABR session
was feasible and associated with low morbidity at a follow-up period
of 2 years. The ongoing ORIOLE trial has been evaluating the
safety and efficacy of SABR in oligometastatic hormone-sensitive
prostate cancer, using the SABR doses in one to five fractions in
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accordance with the American Association of Physicists in Medicine
Task Group 101 recommendations (2). Tsumura et al. treated 40
patients with oligometastatic prostate cancer by using high-dose
rate prostate brachytherapy with or without metastases-directed
external beam radiotherapy (18), and although the total doses to the
metastatic lesions were 30–50 Gy with the conventional fractionation
of 2–3 Gy per fraction, the 5-year castration-resistant prostate
cancer-free survival rate was improved in the patients treated with
brachytherapy and metastases-directed radiotherapy. As shown in
Fig. 3, the radiation doses to the bone lesions varied quite widely
among the radiation oncologists who responded to our survey, with
a trend toward a lower BED than those applied to the prostate.
However, SABR to oligometastatic lesions have just been covered
by Japanese health insurance since April 2020. Further survey is
expected to reveal the changes in trends of radiotherapy to the bone
lesions.

In the SMAMPEDE trial examining patients with high-volume
metastatic prostate cancer, radiotherapy to the prostate did not
improve overall survival or failure-free survival (6). As shown in
Table 1, even for Case 3 with multiple metastases, 34% of our
respondents (i.e. Japanese radiation oncologists) reported feeling that
radiotherapy to the prostate may improve the overall survival. Our
survey was distributed before the results of the STAMPEDE and
HORRAD trials were published (5,6). If the survey had been dis-
tributed after the publication of these trials’ findings, the percentage
of radiation oncologists who believed in the beneficial effect of local
radiotherapy on overall survival might be different. However, the
median follow-up periods in these trials were too short to evaluate
the effects of local radiotherapy on symptomatic local events (5,6),
and future analyses should explore whether local radiotherapy might
still be useful for the prevention of symptomatic local events.

One limitation of this study is that the treatment strategy and
fractionation schedules may have been affected by a medical insur-
ance system. The respondents to our survey tended to use IMRT to
the prostate and 3DCRT to bone lesions (not SBAR to these lesions),
although the survey instructions noted that ideal treatment tech-
niques can be used without any limitation from the medical insurance
system. In principle, reimbursement in Japan depends on the number
of fractions, and the medical reimbursement fee for SABR to bone
lesions used to be the same as the fees for conventional techniques.
However, we believe that our findings are important because the
survey revealed the attitude of radiation oncologists toward local
radiotherapy for hormone-naïve prostate cancer with multiple bone
metastases. The respondents’ reported radiotherapy techniques and
dose fractionation varied widely, and our study results indicate that
radiation oncologists should determine the adequate dose fraction
schedules and treatment planning, including the definition of the
targets and the target margins.
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