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Fig. 3. Geographic distribution for 47 prefectures of annual
number of patients (new plus repeat) per RO in ascending order
of prefectural population. Q1: 0-25%; Q2: 26-50%; Q3: 51—
75%; Q4: 76-100%. Triangles represent average annual number
of patients per RO for each prefecture. Blue circles show prefec-
tural population. Horizontal broken lines indicate the average
annual number of patients per RO per quarter. The shaded
area represents the Japanese Blue Book guideline (150-200 pa-
tients per RO). Abbreviations: RO = radiation oncologist; FTE =
full-time equivalent (40 hours per week for radiation oncology
services only).

the same as in the United States and European countries. The
shortage of ROs is not the only reason for the problems fac-
ing Japan. The pay system of ROs is another important rea-
son. The salary of ROs in Japan is low because specialist
medical fees for ROs are not covered by the Japanese health-
care insurance system. Moreover, the salary of ROs in uni-
versity hospitals is lower than in other types of facilities,
so that most of these ROs must work part-time at affiliated
hospitals to earn a living. One advantage of this system,
however, is that advanced technology is introduced sooner
and faster in affiliated hospitals.

The geographic patterns demonstrated significant differ-
ences in the patient load among prefectures, ranging from
83.2 to 321.4 patients per RO. There were more ROs in met-
ropolitan than other areas. However, the number of ROs who
had more than 200 patients (new plus repeat) was strongly
associated with population (correlation coefficient: 0.94),
so that the number of ROs in metropolitan area remained in-
sufficient.

Gomi et al. reported that the survival rate of patients
treated in academic RT facilities (university hospitals and
cancer centers) was better than that of those treated in non-
academic RT facilities in Japan (10). In this study, the pro-
portion of facilities with part-time ROs in nonacademic RT
facilities group was higher than that in academic RT facili-
ties group. Part-time ROs have less care time per patient be-
cause they had a limit to working hours. On the basis of the
presented evidence, the relative practice index for patients of

-ROs was calculated as one way to valuate quality of cancer
care in this study. Concerning ROs working primarily in uni-
versity hospitals, the average relative practice index for pa-
tients in affiliated facilities was less than that in main
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Fig. 4. The top 10 prefectures with ROs who treated more than 200
patients in descending order: Tokyo, Osaka, Kanagawa, Hokkaido,
Chiba, Aichi, Fukuoka, Hyogo, Miyagi, and Hiroshima. Abbreviation:
RO = radiation oncologist.

facilities (university hospitals). Teshima et al. reported that
academic RT facilities (university hospitals and cancer cen-
ters) had better equipments and manpower than nonaca-
demic RT facilities (1). Therefore, ROs at large-scale
university hospitals might be given sufficient support be-
cause large-scale university hospitals tend to have state-of-
the-art equipment, practice leading-edge medical treatment
techniques, and employ enough medical staff members.
On the other hand, ROs of most affiliated facilities could
provide only minimal cancer care because these facilities
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Fig. 5. Relative practice index for patients of ROs. (a) Relative
practice index for patients in university hospitals and affiliated hos-
pitals (targeted ROs were working mainly in university hospitals
and part-time in affiliated hospitals). (b) Relative practice index
for patients in university hospitals, cancer centers, and other radio-
therapy hospitals (targeted ROs were working only in university
hospitals or cancer centers only or only in other radiotherapy hos-
pitals). *The formula used for calculating relative practice index for

patients is: %‘ﬁ”—

k=1%
in(n=1,2,3, ..., k). fx : FTE of the RO in facility k aj : annual
number of patients per RO in facility k. Abbreviations: RO = radi-
ation oncologist; FTE = full-time equivalent (40 hours per week for
radiation oncology services only).

x 200 n: number of facilities that the RO works



ell6 I. J. Radiation Oncology @ Biology ® Physics
tend to lack sufficient equipment and medical staff. More-
over, commuting between large-scale university hospitals
and affiliated facilities resulted in a waste of time and in
tiredness. Therefore, the quality of cancer care in affiliated
facilities was worse than that in large-scale university hospi-
tals. Although the annual number of patients per RO in can-
cer centers was higher than that in university hospitals and
other RT hospitals, the average relative practice index for pa-
tients of ROs working only in cancer centers was lower than
that for patients of ROs working only in university hospitals
and equal to that for patients of ROs working only in other
RT hospitals. It can thus be concluded that ROs in cancer
centers worked efficiently.

The utilization rate of RT for new cancer patients in Japan
is much lower than that in European countries and the United
States. Because there are enough RT facilities distributed na-
tionwide in Japan, an increase in the number of Ros would
likely result in a spectacular improvement in the utilization
rate of RT for new cancer patients. To increase the number
of ROs, it is necessary to improve the work environment
and conditions for radiation oncology in medical care facil-
ities. One, feasible suggestion is for RT facilities to set up
a new department of radiation oncology, so that the position
of RO will be established at every such facility and the status
of radiation oncology will improve as a result. In addition,
the Cancer Control Act was approved in 2006 and the Basic
Plan to Promote Cancer Control Program was approved by
the Japanese Cabinet in 2007 to promote RT and education
for ROs as well as other RT staff members. For the imple-
mentation of this law and plan, the availability of basic
data of RO working conditions is essential. As a start, an ed-
ucation program called “Cancer Professional Training Plan”
was started in April 2008 with the support of the Ministry of
Education, Culture, Sports, Science and Technology.

Quality of cancer care was evaluated in this study with the
aid of the relative practice index for patients. However, data
concerning the processes and outcomes for cancer care using
RT should be used for a more accurate evaluation of cancer
care. In the United States, the National Cancer Data Base has
been collecting data for cancer care. The data of National
Cancer Data Base are useful for quality evaluation of cancer
care (11, 12). Furthermore, PCS has been performed every 4
or 5 years since 1973 for a survey of the structure, processes,
and outcomes of radiation oncology facilities (13). As PCS
evolved into Quality Research in Radiation Oncology, peri-
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odic assessments of radiation oncology have been conducted
for evaluation of practice quality on a national basis. In Ja-
pan, the structure, processes and outcomes for cancer care
using RT have been investigated by PCS every 4 years
(7, 8). The Japanese PCS has evaluated the quality of
cancer care with RT and provided evidence of the disparity
in quality of RT among facilities (14-18). However, these
data are insufficient because PCS is a two-stage cluster sam-
pling survey. We have recently established a database system
based on available radiation oncology data and the collection
of cancer care data by means of this system is now in prep-
aration.

This study based on the JASTRO structure survey has in-
dicated that the current national medical care system may
impede fostering of true specialization of radiation oncolo-
gists in Japan because it is suffering from systemic fatigue.
Although private hospitals make much money by receiving
fee-for-service reimbursement, public hospitals face major
deficit problems. It is therefore necessary to redistribute
the burden of medical costs. On the other hand, the Japanese
medical care system is beneficial for patients and national fi-
nances. Japan has had a universal health insurance system
since 1961. Even though the per-capita medical costs in Ja-
pan were less than half of those in the United States and the
medical costs in relation to the gross domestic product in Ja-
pan were about half of those in the United States as of 2007
(19), the outcome of cancer treatment in Japan is the same or
better than in the United States. It is therefore very important
to collect at regular intervals detailed information about all
cancer care facilities for evaluation of quality of care and
medical care systems for cancer. In Japan, the JASTRO
structure survey has collected structural data of radiation on-
cology. Furthermore, a database system for the collection of
data regarding the processes and outcomes for cancer care
has recently been established in Japan as well as an informa-
tion infrastructure for evaluation of the quality of care in ra-
diation oncology.

In conclusion, our survey found that ROs working in uni-
versity hospitals and their affiliated facilities treated more
patients than did other ROs. In terms of patient care time
only, the quality of cancer care in affiliated facilities might
be worse than that in university hospitals. Under the current
national insurance system, working patterns of ROs in aca-
demic facilities in Japan tend to impede the fostering of
true specialization of radiation oncologists.
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Purpose: To determine the current patterns of practice in Japan and to investigate factors that
may make clinicians reluctant to use single-fraction radiotherapy (SF-RT).

Methods and Materials: Members of the Japanese Radiation Oncology Study Group (JROSG)
completed an Internet-based survey and described the radiotherapy dose fractionation they
would recommend for four hypothetical cases describing patients with painful bone metastasis
(BM). Case 1 described a patient with an uncomplicated painful BM in a non-weight-bearing
site from non-small-cell lung cancer. Case 2 investigated whether management for a case of
uncomplicated spinal BM would be different from that in Case 1. Case 3 was identical with Case
2 except for the presence of neuropathic pain. Case 4 investigated the prescription for an uncom-
plicated painful BM secondary to oligometastatic breast cancer. Radiation oncologists who
recommended multifraction radiotherapy (MF-RT) for Case 2 were asked to explain why they
considered MF-RT superior to SF-RT.

Results: A total of 52 radiation oncologists from 50 institutions (36% of JROSG institutions)
responded. In all four cases, the most commonly prescribed regimen was 30 Gy in 10 fractions.
SE-RT was recommended by 13% of respondents for Case 1, 6% for Case 2, 0% for Case 3, and
2% for Case 4. For Case 4, 29% of respondents prescribed a high-dose MF-RT regimen
(e.g., 50 Gy in 25 fractions). The following factors were most often cited as reasons for prefer-
ring ME-RT: “time until first increase in pain” (85%), “incidence of spinal cord compression™
(50%), and “incidence of pathologic fractures” (29%).
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Conclusions: Japanese radiation oncologists prefer a schedule of 30 Gy in 10 fractions and are
less likely to recommend SF-RT. Most Japanese radiation oncologists regard MF-RT as superior
to SF-RT, based primarily on the time until first increase in pain. © 2012 Elsevier Inc.
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Introduction

Radiotherapy (RT) provides successful palliation of painful bone
metastasis (BM), with 50% to 80% overall response rates (1).

Numerous prospective randomized controlled trials have
demonstrated the equivalence of multifraction (MF) and single-
fraction (SF) RT for the palliation of painful BM (2—10). Owing to
patient convenience, resource advantages, and cost effectiveness,
clinical practice guidelines have recommended that SF-RT should
be in widespread use (11—13).

However, according to previous surveys, SF regimens have
remained underused globally (14—18). In addition, regional and
national differences in prescribing patterns for painful BM have
been described (15, 16). To our knowledge, no previous surveys
have focused on the prescribing patterns in Japan. This study
investigated the current patterns of practice in Japan and factors
that may make clinicians reluctant to use SF-RT.

Methods and Materials

Members of the Japanese Radiation Oncology Study Group
(JROSG) completed an Internet-based survey. All JROSG
members were radiation oncologists (ROs). The respondents
indicated their name, their institutions, and the radiotherapy dose
fractionation they would recommend for four hypothetical cases
describing patients with painful BM (Table 1). Case 1 described
a patient with an uncomplicated painful BM in a non-weight-
bearing site from non-small-cell lung cancer. Case 2 investigated
whether management for a case of uncomplicated spinal BM
would be different from that in Case 1. Case 3 was identical with
Case 2 except for the presence of neuropathic pain. Case 4
investigated the prescription for an uncomplicated painful BM
secondary to oligometastatic breast cancer. ROs who recom-
mended ME-RT for Case 2 were asked to explain why they
considered MF-RT superior to SF-RT.

Results

A total of 52 ROs from 50 institutions (36% of JROSG institu-
tions) responded. Of those, 32 respondents (61%) work at
university hospitals or cancer centers, 15 (29%) at public hospi-
tals, and 5 (10%) at private hospitals.

A total of 14 different dose schedules were cited, ranging from §
Gy in one fraction to 60 Gy in 30 fractions. The recommended
treatments for Cases 1 through 4 are summarized in Table 2. In all four
cases, the most commonly prescribed regimen was 30 Gy in 10
fractions. None of the respondents recommended SF-RT for neuro-
pathic pain (Case 3). For oligometastasis (Case 4), 29% of respondents
prescribed a high-dose MF-RT regimen (e.g., 50 Gy in 25 fractions).
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Table 3 summarizes why these respondents regarded MF-RT as
superior to SF-RT for Case 2. The following factors were most
often cited as reasons for preferring MF-RT: “time until first
increase in pain” (85%), “incidence of spinal cord compression”
(50%), and “incidence of pathologic fractures” (29%).

Discussion

Our results show that SF-RT was used by the minority of Japanese
ROs, a finding consistent with previous reports from other regions or
nations. Japanese ROs preferred a schedule of 30 Gy in 10 fractions.

In our study, the first case described uncomplicated BM in
a non-weight-bearing site, and the second case described
uncomplicated spinal BM. Both cases fit the eligibility criteria for
most previously completed randomized trials (2—10). Only 13%
and 6% of our respondents recommended SF-RT for Case 1 and
Case 2, respectively.

As many as 85% of the respondents who recommended MF-
RT for Case 2 regarded MF-RT as superior to SF-RT based on the
time until first increase in pain. The randomized trials do not
support the superiority of MF-RT to prevent recurrence, even with
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extended follow-up (2, 3). Higher rates of reirradiation for SF
patients have been reported despite equivalent response and
progression rates between SF-RT and MF-RT. This is interpreted
as reflecting a lower threshold for both clinicians and patients after
lower doses.

Half of our respondents who recommended MF-RT for Case 2
were concerned about the high incidence of spinal cord
compression subsequent to SF-RT. Three randomized trials have
reported spinal cord compression rates with uncomplicated spinal
metastases, but none of the trials have shown a statistically
significant difference between SF-RT and MF-RT (2, 3, 7).

Another concern about SF-RT is the risk of pathologic fracture.
Twenty-nine percent of our respondents who recommended MF-
RT for Case 2 were concerned about the high incidence of path-
ologic fracture subsequent to SF-RT. Recalcification of osteolytic
bone lesions seems to be dose dependent (6). However, the
contribution of recalcification to prevent fracture remains unclear.
In the Dutch trials, there was a significantly higher risk of path-
ologic fracture in the SF arm than in the multifraction arm (24 Gy
in six fractions), 4% vs. 2% (p = 0.05) (2). In the randomized
trials performed in Scandinavia, however, there was a significantly
higher risk in the multifraction arm (30 Gy in 10 fractions) than in
the SF arm, 11% vs. 4% (5). In other randomized trials, there has
not been any significant difference in the rate of pathologic frac-
ture between SF-RT and MF-RT (3, 4, 7-9, 19).

Case 3 was identical with Case 2 except for the presence of
neuropathic pain. None of our respondents recommended SF-RT.
Neuropathic pain due to BM has been the subject of one
randomized trial comparing an SF arm with a multifraction arm

respondents regarded multi-
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(20 Gy in five fractions). Treatment in the SF arm was not shown to
be as effective as that in the multifraction arm, nor was it statis-
tically significantly worse (19). Our study suggests that Japanese
ROs considered that greater doses were needed to relieve nerve
impingement or to reduce the risk of spinal cord compression.

Our final case described an uncomplicated painful BM
secondary to breast cancer in which oligometastasis developed
after a long disease-free interval. A considerable number of our
respondents recommended a high-dose MF-RT regimen (e.g., 50
Gy in 25 fractions). A practice guideline for palliative radio-
therapy of metastatic breast cancer from Germany also recom-
mends a full-dose fractionated regimen (e.g., 40—50 Gy in 20—25
fractions) for oligometastases (12).

Regional and national differences in prescribing patterns for
painful BM have been previously described (15, 16). SF regimens
have been most frequently reported by ROs in the United
Kingdom and least frequently by ROs in the United States
(15, 20). Our results suggest that Japanese ROs prescribe SE-RT as
often as do ROs in the United States. The reasons proposed for
regional and national differences have included the influence of
reimbursement and participation in related randomized controlled
trials (17, 18). Reimbursement depends on the number of treat-
ments in Japan, and most Japanese ROs have never participated
in related randomized controlled trials. In addition, where ROs
train has a variable effect on the patterns of treatment. Those
trained in the United States were as much as 80% less likely to use
SF-RT than were those trained in Canada or Europe (15). We think
that Japanese ROs prefer to learn from United States resources,
resulting in similar patterns of practice as those in the United
States. These factors may result in the underuse of SF-RT by
Japanese ROs.

Our study has certain limitations. Because of the relatively low
response rate (36%) and the small absolute sample size (n = 52),
our results might not accurately represent the practice of ROs in
Japan. Those willing to participate might have been more
knowledgeable. Furthermore, recommendations for hypothetical
cases might not reflect clinical management.

Conclusions

Japanese ROs prefer a schedule of 30 Gy in 10 fractions and are
Iess likely to recommend SF-RT. Most Japanese ROs regard MF-
RT as superior to SF-RT, based primarily on the time until first
increase in pain.
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Abstract

Background. There is no current consensus regarding the optimal bladder volumes in definitive radiotherapy for localized
prostate cancer. The aim of this study was to clarify the relationship between the bladder volume and optimal treatment
planning in radiotherapy for localized prostate cancer. Material and methods. Two hundred and forty-three patients under-
went definitive radiotherapy with helical tomotherapy for intermediate- and high-risk localized prostate cancer. The pre-
scribed dose defined as 95% of the planning target volume (PTV) receiving = 100% of the prescription dose was 76 Gy in
38 fractions. The clinical target volume (CTV) was defined as the prostate with a 5-mm margin and 2 cm of the proximal
seminal vesicle. The PTV was defined as the CTV with a 5-mm margin. Treatment plans were optimized to satisfy the dose
constraints defined by in-house protocols for PTV and organs at risk (rectum wall, bladder wall, sigmoid colon and small
intestine). If all dose constraints were satisfied, the plan was defined as an optimal plan (OP). Results. An OP was achieved
with 203 patients (84%). Mean bladder volume (1 SD) was 266 ml (* 130 ml) among those with an OP and 214 ml
(£130 ml) among those without an OP (p = 0.02). Logistic regression analysis also showed that bladder volumes below
150 ml decreased the possibility of achieving an OP. However, the percentage of patients with an OP showed a plateau
effect at bladder volumes above 150 ml. Conclusions. Bladder volume is a significant factor affecting OP rates. However,
our results suggest that bladder volumes exceeding 150 ml may not help meet planning dose constraints.

The bladder is filled to various volumes during frac-
tionated radiotherapy. Changing bladder volumes
affects both bladder dose volumes and the position
of adjacent organs (the prostate, seminal vesicles,
small intestine and sigmoid colon) [1]. Furthermore,
significant variations in bladder volume can affect
planned three-dimensional conformal radiotherapy
(3D-CRT) and intensity-modulated radiation ther-
apy (IMRT) dose distributions. For all these reasons,
bladder volumes must be kept consistent throughout
planning and treatment to reduce positional uncer-
tainties related to the prostate and the risk of increased
toxicity to the surrounding normal tissue.

There is no current consensus regarding the opti-
mal bladder volumes in definitive radiotherapy for
localized prostate cancer. One possible advantage of

maintaining a full bladder is that part of the bladder
moves away from the target volume, thereby reduc-
ing bladder toxicity [2,3]. A full bladder also moves
the small intestine and the sigmoid colon out of the
irradiation field, reducing toxicity in these organs
[1,4-7]. However, if we target larger bladder volumes
on planning using computed tomography (CT) and
during radiotherapy, such volumes tend to show
marked variability [8—10]. On the other hand, exces-
sively small bladder volumes make it difficult to meet
planning dose constraints for the bladder and adja-
cent organs. For these reasons, the optimal bladder
volume may be the minimum bladder volume that
can satisfy dose constraints. Based on this reasoning,
several institutions target a half-full bladder or a
comfortably full bladder [8,9]. However, no previous
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reports have focused on the relationship between the
bladder volume and optimal treatment planning.

We evaluated the relationship between the blad-
der volume on planning CT and the percentage sat-
isfying the dose constraints as a reference what
bladder volumes should be targeted.

Material and methods

Between June 2007 and February 2009, 243 patients
underwent definitive radiotherapy with helical tomo-
therapy using the Hi-Art System (Tomotherapy Inc.)
for intermediate- and high-risk localized prostate
cancer (cT1-4NOMO) according to D’Amico’s clas-
sification at Edogawa Hospital (Tokyo, Japan)
(Table I).

The patients were irradiated in a supine position,
with a knee support. They were instructed to refrain
from urinating for 60-90 minutes before the plan-
ning computed tomography (CT) scan and before
daily irradiation. They were also encouraged to drink
an unspecified volume of water to ensure a clear but
tolerable urge to urinate before the planning CT scan
and before daily irradiation. They were instructed to
take laxatives before the planning CT scan, although
no specific instructions were issued regarding bowel
movements before daily irradiation.

Table 1. Patient characteristics.

no.

cT stage (TNM 6th ed.)

1-2a 101(42%)

2b 32 (13%)

2¢c 40 (16%)

3a 61 (25%)

3b 8 (33%)

4 1 (0.4%)
Gleason score

2-6 41 (17%)

7 102 (42%)

8-10 100 (41%)
Pretreatment PSA

0-10 104 (43%)

10-20 67 (28%)

>20 72 (30%)
D’Amico’s risk group

Intermediate 71 (29%)

High 172 (71%)
Neoadjuvant hormone therapy

No 81 (33%)

Yes 162 (67%)

Mean age (range) 70 (42-85)

Mean prostate volume (range) 21 ml (6-178)

Mean PTV (range)
Mean bladder volume (range)

112 ml (61-273)
235 ml (45-653)

¢T stage, clinical tumor stage; PSA, prostate-specific antigen;
PTYV, planning target volume.
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The clinical target volume (CTV) was defined as
the prostate that was delineated by the fusion images
of CT and magnetic resonance imaging (MRI) with
a 5-mm margin and 2 cm of the proximal seminal
vesicle. Exceptionally, the whole seminal vesicle was
included in the CTV for cases of clinical T3b
stage disease. The planning target volume (PTV)
was defined as the CTV with a 5-mm margin.
The prescribed dose defined as 95% of the PTV
receiving = 100% of the prescription dose (D95) was
76 Gy in 38 fractions. The treatment plans were opti-
mized to satisfy the dose constraints defined by
in-house protocols for the PTV and organs at risk
(OAR) (Table II). No specific protocols were used
for the order of prioritization among the constraints.
Cases in which all dose constraints were satisfied
were defined as an optimal plan (OP).

We assessed the relationship between the bladder
volumes on planning CT and the percentage of
patients achieving an OP. Univariate logistic regres-
sion analysis was used to examine the predictive value
of covariates including clinical T stage (T'1-2a, T2b,
T2c,T3a, T3b, and T4), Gleason score (2—-6, 7, 8-10),
pretreatment PSA (0-10, 10-20,and > 20),D’Amico’s
risk group (intermediate or high), neoadjuvant hor-
mone therapy (yes or no), age, PTV, and bladder vol-
ume. Those showing significant associations in
univariate logistic regression analysis were further
tested by multivariate logistic regression analysis.

We used GraphPad Prism version 5 (GraphPad
Software Inc.) and SPSS version 17 (IBM) for sta-
tistical analysis. Differences were deemed significant
when two-tailed p-values were less than 0.05.

Results

Of the subjects, 203 patients (84%) met the defini-
tions for an OP. Among these patients, the mean of

Table I1. Dose constraints.

Target/Organ Dose constraint
PTV D95 100% (76 Gy)

Maximum <110% (83.6 Gy)

Mean <105% (79.8 Gy)
Rectum wall* V40 <65%

V60 <35%

V70 <25%

V78 <10%
Bladder wall V40 <60%

V70 <35%
Sigmoid colon V65 < 0.5 ml
Small bowel V60 <0.5 ml

*Rectum wall within 5 mm above and below the PTV, Vx<y%
(or ml) means that no more than y% (or ml) of the volume of the
organ receive a dose >x Gy.

PTV, planning target volume.
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the mean PTV dose and the maximum dose were
77.4 Gy (range 76.7-79.2 Gy) and 80.7 Gy (range
78.2-83.3 Gy), respectively.

The mean bladder volume (*1 standard devia-
tion; SD) was 266 ml (=130 ml) among those with
an OP and 214 ml (=130 ml) among those without
an OP (p =0.02, by unpaired t-test).

Logistic regression analysis also showed that
bladder volumes below 150 ml decreased the possi-
bility of achieving an OP (Table III). Figure 1 shows
the percentage of patients with an OP according to
bladder volumes, indicating that the percentage of
patients with an OP showed a plateau effect at blad-
der volumes above 150 ml. On univariate analysis,
higher clinical T stage, younger age, treatment with
neoadjuvant hormone therapy, and larger bladder
volume were predictors for achieving an OP
(Table IV). On multivariate analysis, larger bladder
volumes (p=0.04), younger age (p=0.01), and
higher clinical T stage (p=0.03) were independent
predictors for achieving an OP.

Discussion

We found that bladder volumes among patients with
an OP were significantly larger than among patients
without an OP. This indicates that bladder volume
is a significant factor affecting whether OP is
achieved. However, we also found that bladder vol-
umes larger than 150 ml did not contribute to OP
rates. We could meet the dose constraints on the
bladder even with considerably small bladder vol-
umes. However, small bladders moved the small
intestine and the sigmoid colon inside the irradia-
tion field, which made it impossible to meet the
dose constraint on those organs. This may explain
why we found the plateau effect at bladder volumes
above 150 ml.

Table III. Logistic regression analysis between bladder volume and
the percentage of patients with an optimal plan.

Number Patients
Bladder of with an QOdds ratio
volume patients opP p (95% CI)
<100 ml 21 15 (71%) 0.069 0.34
(0.11-1.09)
100-149 ml 34 24 (711%) 0.028 0.33
(0.12-0.89)
150-199 ml 43 37 (86%) 0.761 0.85
(0.29-2.50)
200-249 ml 35 30 (86%) 0.739 0.82
(0.26-2.61)
250-299 ml 27 24 (89%) 0.896 1.10
(0.28-4.31)
>300 ml 83 73 (88%) 1

OP, optimal plan.
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Figure 1. The percentage of patients with an OP according to
bladder volume. Patients were divided into subgroups according
to their bladder volume by 50 ml. The percentage of patients with
an OP was defined by dividing the number of patients with an OP
by the number of patients in each subgroup. The size of each dot
represents the number in each subgroup.

n, number of patients; OP, optimal plan.

Our logistic regression analysis did not show a
statistically significant difference in the percentage of
patients with an OP in the subgroup with the small-
est bladder volume. We think the relatively small
number of subjects in the subgroup caused the false
negative.

Our results suggested that younger age and
higher clinical T stage were also independent predic-
tors for achieving an OP. It is difficult to interpret
why age affects OP achievement. There may be some
anatomic features among younger patients that
make it easier to achieve an OP. It is also difficult
to interpret why clinical T stage affects OP achieve-
ments although we used the same definition of CTV
for all clinical T stages except for the few cases of
clinical T3b.

The existence of a clear dose effect for genitouri-
nary (GU) toxicity is well-known in cases in which
the entire bladder is irradiated [11]. In the case of
prostate irradiation, the cranial portion of the blad-
der is generally spared, whereas the bladder neck
and urethra are irradiated at levels close to the pre-
scribed dose. Most of the published results fails to
support a correlation between bladder dose volume
histograms (DVH) and GU toxicity [12,13], whereas
several studies indicate that the absolute volume of
the bladder receiving >78 Gy to 80 Gy is most pre-
dictive of late GU toxicity [14,15]. Regarding GU
toxicity, a half-full bladder and an empty bladder
appear to be acceptable bladder volumes [16]. How-
ever, an excessively small bladder volume may move
the small intestine and sigmoid colon within the
high dose irradiated field [1,4-6]. Therefore, we also
imposed dose constraints on the small intestine and
sigmoid colon.
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Table IV. Univariate logistic regression analysis of association with achieving an optimal plan.

Patients with an OP (n, 203) Patients without an OP (n, 40) p
cT stage (TNM 6th ed.) 0.03
1-2a 77 (38%) 24 (60%)
2b 26 (13%) 6 (15%)
2¢ 35 (17%) 5 (13%)
3a 57 (28%) 4 (10%)
3b 7 (3%) 1 (3%)
4 1 (0.5%) 0 (0%)
Gleason score NS
2-6 39 (19%) 2 (5%)
7 83 (41%) 19 (48%)
8-10 81 (40%) 19 (48%)
Pretreatment PSA NS
0-10 85 (42%) 19 (48%)
10-20 58 (28%) 9 (23%)
>20 60 (30%) 12 (30%)
D’Amico’s risk group NS
Intermediate 60 (30%) 11 (28%)
High 143 (70%) 29 (73%)
Neoadjuvant hormone therapy 0.10
No 63 (31%) 18 (45%)
Yes 140 (69%) 22 (55%)
Mean age (range) 70 (42-85) 73 (59-83) 0.01
Mean prostate volume (range) 21 ml (6-178) 22 ml (12-103) NS
Mean PTV (range) 109 ml (61-225) 115 ml (77-273) NS
Mean bladder volume (range) 266 ml (45-594) 214 ml (48-653) 0.04

-cT stage, clinical tumor stage; OP, optimal plan; PSA, prostate-specific antigen; PTV, planning target volume.

Several previous studies have reported that the
greatest variation in bladder volume is found in
patients with large initial bladder volumes [8,9,17].
Significant variations in bladder volume can con-
found planned dose distributions. A half-full bladder
of 150 ml or slightly larger may represent a reason-
able target, offering the potential to improve bladder
volume consistency without compromising the dose
constraints for the adjacent organs.

A limitation of this investigation is the lack of the
clinical correlation. We need to investigate the cor-
relation between bladder volumes on planning CT
and clinical outcomes in a future study. In most
cases, we use a shrinking PTV if we can not satisfy
the dose constraints for OARs. Our concern is that
the compromise might cause inferior local control
and survival rates. However, long-term follow-up is
necessary to clarify the clinical impact. We consider
achieving an optimal plan a surrogate marker for
clinical outcomes; therefore, we report the correla-
tion between bladder volumes and achieving an
optimal plan as the first step.

While optimal bladder volumes vary from institu-
tion to institution according to the protocol used, we
believe that each institution must seek to recognize
what bladder volumes are optimal in definitive
radiotherapy for localized prostate cancer.

In conclusions, bladder volume is a significant
factor affecting the achieving of an optimal plan.
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However, our results suggest that bladder volumes
exceeding 150 ml may not help meet planning dose
constraints.
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Background: The purpose of this study was to compare the prevalence of treatment tech-
niques including intensity-modulated radiation therapy and image-guided radiation therapy in
external-beam radiation therapy for prostate cancer in Japan.

Methods: A national survey on the current status of external-beam radiation therapy for pros-
tate cancer was performed in 2010. We sent questionnaires to 139 major radiotherapy facil-
ities in Japan, of which 115 (82.7%) were returned.

Results: Intensity-modulated radiation therapy was conducted at 67 facilities (58.3%), while
image-guided radiation therapy was conducted at 70 facilities (60.9%). Simulations and treat-
ments were performed in the supine position at most facilities. In two-thirds of the facilities, a
filling bladder was requested. Approximately 80% of the facilities inserted a tube or encour-
aged defecation when the rectum was dilated. Some kind of fixation method was used at 102
facilities (88.7%). Magnetic resonance imaging was routinely performed for treatment plan-
ning at 32 facilities (27.8%). The median total dose was 76 Gy with intensity-modulated radi-
ation therapy and 70 Gy with three-dimensional radiation therapy. The doses were prescribed
at the isocenter at the facilities that conducted three-dimensional radiation therapy. In con-
trast, the dose prescription varied at the facilities that conducted intensity-modulated radiation
therapy. Of the 70 facilities that could perform image-guided radiation therapy, 33 (47.1%)
conducted bone matching, 28 (40.0%) conducted prostate matching and 9 (12.9%) used
metal markers. Prostate or metal marker matching tended to produce a smaller margin than
bone matching.

Conclusions: The results of the survey identified current patterns in the treatment planning
and delivery processes of external-beam radiation therapy for prostate cancer in Japan.

Key words: radiation therapy — urologic-radoncol — radiation oncology
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INTRODUCTION

External beam radiation therapy (EBRT) has developed
rapidly in recent years (1,2) and treatment equipment with
which intensity-modulated radiation therapy (IMRT) and/or
image-guided radiation therapy (IGRT) can be conducted are
being introduced into Japan (3). IMRT and IGRT are par-
ticularly useful in EBRT for prostate cancer and are routine-
ly used in the USA (4) and recommended in worldwide
guidelines (5,6).

In Japan, IMRT and IGRT were listed as eligible for in-
surance reimbursement in 2008 and 2010, respectively.
However, the present situation regarding the use of these
techniques in EBRT for prostate cancer remains unclear
(7,8). Therefore, we conducted a survey that would clarify
the operational situation, treatment planning and treatment
processes of IMRT and/or IGRT when used in EBRT for
prostate cancer.

PATIENTS AND METHODS

In February 2010, we sent a questionnaire on EBRT for pros-
tate cancer to 139 major facilities including university hospi-
tals, cancer centers and designated prefectural cancer centers
and hospitals. The questionnaire was also sent to the hospitals
which had treatment machines with IGRT functions, including
Novalis (BrainLAB, Heimstetten, Germany), Tomotherapy
(Accuray Inc., Sunnyvale, USA) and MHI-TM2000
(Mitsubishi Heavy Industries, Ltd., Nagoya, Japan).

The survey was composed of categories regarding treat-
ment planning, dose fractionation and methods of implemen-
tation of EBRT for prostate cancer. If methods differed
according to the type of radiation techniques used such as
three-dimensional radiation therapy (3DCRT) or IMRT, we
required responses regarding the most precise radiation
method presently used. Among the 139 facilities to which
we sent the survey, 115 (82.7%) gave responses, which were
then analyzed. The high response rate allowed an extensive
and representative data analysis.

RESULTS
(GENERAL INFORMATION

Figure 1 shows the distribution of the number of patients
with prostate cancer treated with EBRT at facilities in 2009
over the course of 1 year. There were 30 facilities (26.1%) at
which over 50 patients were treated in 1 year. Of the 115
total facilities, 67 (58.3%) conducted IMRT, 70 (60.9%)
conducted IGRT and 58 (50.4%) conducted both.

TREATMENT PLANNING

Figure 2 shows the condition of the bladder at the treatment
planning stage and during the treatment. In approximately

No, of hospitais

30 as
a0 .
30
20

10

~20  21-50 51-100 100-150 151~
Number of patients -

Figure 1. Total number of patients with prostate cancer treated with

external-beam radiation therapy at facilities in 2009. Because some data

were missing, the total numbers of patients were less than the actual

number.

No. of hospitals
B Atplanning

g0 7 75 At treatment

&0

40

20

Filling bladder Empty bladder No protocol

Figure 2. Condition of the bladder at the treatment planning stage and
during treatment.

two-thirds of the facilities, a filling bladder was requested.
The time spent pooling urine was 1h at 56 facilities
(48.7%), 1—2 h at 8 facilities (7.0%) and 30 min at 7 facil-
ities (6.1%). Seven facilities (6.1%) also asked patients to
drink water prior to treatment.

Figure 3 shows the condition of the rectum.
Approximately 80% of the facilities inserted a tube or
encouraged defecation when the rectum was dilated.
Laxative medication was used at one-quarter of the facilities.

Simulations and treatments were performed in the supine
position at 105 facilities (91.3%) and the prone position at
10 facilities (8.7%). Figure 4 shows methods of patient fix-
ation. Some kind of fixation method was used at 102 facil-
ities (88.7%). Although various methods were reported, a
vacuum cushion, thermoplastic shell and foot support were
used most frequently.

Magnetic resonance imaging (MRI) was routinely per-
formed for treatment planning at 32 facilities (27.8%). Of
these, 15 facilities (13.0%) performed computed tomography
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(CT)-MRI image fusion with treatment planning software.
MRI taken at the time of diagnosis was used as a reference
at 66 facilities (57.4%), while 17 facilities (14.8%) did not
use MRI for treatment planning.

TREATMENT

Radiation therapy was carried out with 2 Gy per fraction at
100 facilities (86.9%), 2.1-3 Gy at 14 facilities (12.2%) and
1.8 Gy at 1 facility (0.9%). Most facilities conducted treat-
ment five times a week. Treatment was conducted three
times a week at five facilities (4.3%) and four times a week
at three facilities (2.6%).

Figure 5 shows the distributions of radiation doses deliv-
ered to the prostate at facilities using a fraction dose of 2 Gy.
The median total dose was 76 Gy with IMRT and 70 Gy with
3DCRT. The doses were prescribed at the isocenter at the fa-
cilities that conducted 3DCRT. In contrast, the dose prescrip-
tion varied greatly at the facilities that conducted IMRT. Of
the 67 facilities that conducted IMRT, D95, which is the
minimum absorbed dose that covers 95% of the planning
target volume (PTV), was used as a dose prescription at 24

No. of hospitals

80 - 2 At planning

At treatment

60

40

Figure 3. Condition of the rectum at the treatment planning stage and
during treatment. Multiple answers allowed.

No. of hospitals
&0 ;

40

Figure 4. Fixation of the patients at the treatment planning stage and during
treatment. Multiple answers allowed.
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facilities (35.8%). A dose prescription requiring that 95% of
the prescribed isodose line cover 95% of the PTV was used at
4 facilities (6.0%), the mean PTV dose was used at 13 facil-
ities (19.4%) and other methods at 26 facilities (38.8%).

The most popular IGRT methods (54 facilities) involved
2D matching with X-ray fluoroscopy or 3D matching with a
flat-panel cone-beam CT. Eight facilities used CT on rail and
4 facilities used ultrasonic devices. Of the 70 facilities that
could perform IGRT, 33 (47.1%) conducted bone matching,
28 (40.0%) conducted prostate matching and 9 (12.9%) used
metal markers. At the treatment of prostate cancer, 60 facil-
ities (85.7%) always conducted IGRT, while 9 (12.9%) con-
ducted IGRT at regular intervals.

No, of hospitals

30 8wt
3DCRT
20
10
65-69 70 4 76 78 80
Gy
Figure 5. Total dose to the prostate.
(a)
Mo, of hospitals [ vone matching

20

Prostate/marker matching

(b)
No. of hospitals 5 sone matching

| Prostate/marker matching

20

%

10

2.9 3-89 5-7.8 895 10119 fmm)

Figure 6. Margins from the prostate to planning target volume for patients
with T1-2 tumors treated with IGRT: (a) rectal side and (b) other sides.
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Figure 6 show the distribution of the prostate-PTV
margins for patients with typical T1-2 tumors treated with
IGRT. Prostate or metal marker matching tended to produce
slightly smaller margins than bone matching.

DISCUSSION

This study provides a clear picture of present practices of
IMRT and/or IGRT for prostate cancer in Japan.

Simulations and treatments were performed in the supine
position at most facilities. However, facilities employed
various fixation methods. In most facilities, some kind of fix-
ation method was used, although immobilization devices for
body malignancies are not covered by health insurance in
Japan. In the patterns of care study on prostate cancer
patients who were treated with EBRT from 2003 to 2005,
immobilization devices were used on only 15% of patients
(7). One reason for the high frequency of the usage of
patient immobilization devices in this study could be the
gradual popularization of fixation methods over time. An
additional reason is probably the fact that some sort of
fixation method tends to be used in more precise radiation
treatment, because patient immobilization can be an
important contributor to the reproducibility and accuracy of
radiotherapy (9).

The pretreatment condition of the bladder and rectum also
varied greatly among facilities. Although fixation of the
prostate is frequently conducted with a rectal balloon in
Western countries (10), this method has not been used at all
in Japan.

In this study, we did not investigate PTV margins when
IGRT was not used. Therefore, we were unable to clarify
whether IGRT causes decreased margins. However, PTV
margins tended to be slightly smaller with prostate or fidu-
cial marker matching than that with bone matching. PTV
margins should be determined at each facility taking into
account position errors caused not only by the IGRT
method, but also by the patient position, fixation method
and pretreatment condition of the bladder and rectum.
Enmark et al. (11) demonstrated that a margin of 4 mm in
all directions was adequate to account for uncertainties in-
cluding the inter- and intrafraction motions, if IGRT with
fiducial markers is performed on a daily basis. Some facil-
ities have chosen prostate-PTV margins of <4 mm.
Because of uncertainties such as intrafraction motion or
uncertainty of the target delineation, decreases in the PTV
margin should be carefully performed even when IGRT is
applied.

The radiation dose administered at most facilities was
2 Gy per fraction. The median value of the total radiation
dose was 76 Gy with IMRT and 70 Gy with 3DCRT. It is
well known that the radiation dose is a strong independent
predictor of failure (12), and IMRT can reduce the unwanted
doses to nearby organs at risk. Therefore, as IMRT becomes
more widespread in Japan, more appropriate higher dosages

of radiation should be utilized. However, a significant
problem is the fact that the IMRT dose prescription varies. It
is necessary to define and develop recommended guidelines
for dose prescription and a dose reporting system for IMRT
in Japan (13).

IMRT and IGRT were being conducted at approximately
half of the facilities in this study. However, our survey tar-
geted large-scale facilities. If all radiation therapy facilities
in Japan were to be surveyed, this proportion would probably
be smaller (3). At present, high-precision radiation therapy
devices such as IMRT and IGRT are being rapidly intro-
duced (3,14), and an increasing number of facilities will
surely come to adopt IMRT and IGRT. The results of the
survey in this study will provide beneficial information to
those facilities as they begin treatment.
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Purpose: Several recent studies reported that severe late toxicities including soft-tissue fibrosis and fat
necrosis are present in patients treated with accelerated partial breast irradiation (APBI) and that these
toxicities are associated with the large volume of tissue targeted by high-dose irradiation. The present
study was performed to clarify which patients are unsuitable for APBI to avoid late severe toxicities.
Methods and Materials: Study subjects comprised 50 consecutive patients with Stage 0—II unilateral
breast cancer who underwent breast-conserving surgery, and in whom five or six surgical clips were
placed during surgery. All patients were subsequently replanned using three-dimensional conformal
radiotherapy (3D-CRT) APBI techniques according to the National Surgical Adjuvant Breast and
Bowel Project (NSABP) B-39 and Radiation Therapy Oncology Group (RTOG) 0413 protocol.
The beam arrangements included mainly noncoplanar four- or five-field beams using 6-MV photons
alone.

Results: Dose—volume histogram (DVH) constraints for normal tissues according to the NSABP/
RTOG protocol were satisfied in 39 patients (78%). Multivariate analysis revealed that only long cra-
niocaudal clip distance (CCD) was correlated with nonoptimal DVH constraints (p = 0.02), but that
pathological T stage, anteroposterior clip distance (APD), site of ipsilateral breast (IB) (right/left),
location of the tumor (medial/lateral), and IB reference volume were not. DVH constraints were satis-
fied in 20% of patients with a long CCD (>5.5 cm) and 92% of those with a short CCD (p < 0.0001).
Median IB reference volume receiving >50% of the prescribed dose (IB-Vsg) of all patients was
49.0% (range, 31.4—68.6). Multivariate analysis revealed that only a long CCD was correlated with
large IB-Vsg (p < 0.0001), but other factors were not.

Conclusion: Patients with long CCDs (>5.5 cm) might be unsuitable for 3D-CRT APBI because of
nonoptimal DVH constraints and large IB-Vsp. © 2012 Elsevier Inc.
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Introduction

Breast-conserving therapy including partial resection and post-
operative whole breast irradiation has constituted standard care for
patients with early breast cancer (1). Some Phase III trials of
postoperative radiotherapy and systematic reviews have revealed
that omission of postoperative radiotherapy increases recurrence
in breasts by threefold, and increases absolute breast cancer
mortality by more than 5% (1, 2). Several reasons, including the
long-term radiation schedule, level of surgeon involvement in the
radiation decision, patient refusal, and comorbidity, lead to
omission of postoperative radiotherapy. In fact, approximately
25% of patients who underwent conservative surgery did not
receive postoperative radiotherapy in the United States
(1991-2002) (3).

Approximately 85% of breast recurrences after breast conser-
vative therapy develop in the vicinity of the tumor bed; several
percent appear “elsewhere” in the breast, and the absolute number
of such failures is very low (4). In the past decade, prospective
clinical trials and retrospective studies evaluated the efficacy and
safety of accelerated partial breast irradiation (APBI) using small
radiation fields and a large fraction size. These studies reported
good treatment outcome and minimal late toxicities after a short
follow-up duration (4—6). However, two recent studies reported
that the large volume of irradiated breast tissue was correlated
with higher incidences of late severe toxicities including soft-
tissue fibrosis and fat necrosis of the breast, which were clearly
associated with marked cosmetic compromise (7, 8). Appropriate
eligibility criteria and treatment schedules for APBI should be
established to avoid late severe toxicities. The present study aimed
to identify patients who are unsuitable for APBI because of the
potential risk of late toxicities including soft-tissue fibrosis and fat
necrosis after APBI using three-dimensional conformal radio-
therapy (3D-CRT).

Methods and Materials
Patients

The study population consisted of 50 consecutive patients with
unilateral breast cancer, at Union for International Cancer Control
7th Stage 0—II, who received breast-conserving therapy between
April 2009 and September 2009. Median patient age was 49 years
(range, 33—73). The right-to-left ratio of the ipsilateral breast (IB)
was 25:25, and the medial-to-lateral ratio of the tumor location
was 19:31. All patients underwent partial breast resection, and five
or six surgical clips were placed at the borders of the surgical bed.
Thirty-one patients had pathological T stage 1 (pT1), 7 patients
had pT2, and 12 patients had pTis. Sentinel node biopsy and/or
axillary node dissection revealed that 47 patients had pathological
N stage 0 (pNO), and 2 patients had pN1. pN stage was not
evaluated for 1 patient.

Radiation treatment planning

All patients were placed in the supine position and underwent
computed tomography (CT) as part of the standard planning for
whole breast irradiation. CT scanning was performed using a 2-
mm thick-slice and a slice step of 2 mm; slices extended to
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completely cover the bilateral whole breast, lung, heart, thyroid,
and a 5-cm margin in the cranial and caudal directions. No
respiratory control was used. The following structures were con-
toured for the planning of 3D-CRT: surgical clips, clinical target
volume (CTV), planning target volume (PTV), ipsilateral whole
breast (IB) reference, IB reference excluding PTV (IB-PTV),
contralateral breast, heart, bilateral lungs, and thyroid. To keep the
probability of comparison consistent with outcomes of other
studies, the contouring of IB reference was made up using an
automated contouring method applied by the National Surgical
Adjuvant Breast and Bowel Project (NSABP B-39) and Radiation
Therapy Oncology Group (RTOG 0413) protocol (9). CTV was
defined as the volume bound by uniform expansion of surgical
clips by 1.5 cm in all dimensions, excluding the pectoralis
muscles, chest wall, lung, heart, pericardial fat, and 5 mm beneath
the skin (9). PTV was defined as the volume bound by uniform
expansion of CTV by 1.0 cm in all dimensions. PTV_EVAL, the
volume for dose—volume histogram (DVH) analysis, was defined
as the volume of PTV excluding the first 5 mm of tissue under the
skin, the posterior breast tissue extent (chest wall and pectoral
muscles), lung, heart, and pericardial fat.

All 50 patients were replanned using 3D-CRT planning system
software (Pinnacle® version 8.0m, Pinnacle Treatment System;
Philips, Milpitas, CA). To correctly evaluate heterogeneous tissue
density, the convolution algorithm was used. The NSABP B-39/
RTOG 0413 protocol dose limitation was used as a guideline for
specified normal tissue constraints (9). Beam arrangements
included noncoplanar mainly four- or five-field beams using 6-MV
photons referring to the method reported by Vicini et al. (10). No
electron beam was used. The exertion of simulation planning was
for minimizing doses to organs at risk, and improving a homoge-
neous dose to the target volume. Beam weights, beam angle, and
wedge angles were manually optimized, such that the targeted
goal was to cover >90% of the PTV_EVAL by a dose >90% of
the prescribed dose (9). The DVH constraints adopted for plan
optimization are shown in Table 1.

A total dose of 30 Gy in five fractions was prescribed to the
International Commission on Radiation Units and Measurements
50 reference point dose (isocenter) (11). The isocenter was placed
in the center of the PTV. This treatment schedule was proposed by
the Department of Radiation Oncology at New York University
using the prone position and parallel-opposed minitangents
external beam therapy (12). The New York University study
demonstrated that this abbreviated regimen was well tolerated,
with only mild acute adverse events and excellent or good
cosmetic outcome. However, given the typical Japanese woman’s
breast size and shape, we had patients assume a supine position
and used a noncoplanar three-, four-, five-, and six-beam
technique.

Data analysis

IB volume, target volumes, and distance of surgical clips were
measured by CT images on the radiation treatment planning (RTP)
system. The craniocaudal surgical clip distance (CCD) was
defined as the longitudinal distance along the body axis between
head-side clip and foot-side clip, and the anteroposterior surgical
clip distance (APD) was defined as the vertical distance between
anterior-side clip and posterior-side clip. The IB reference volume
receiving 50% of the prescribed dose (IB-V5) was calculated. The
homogeneity index (HI) was defined as the ratio of maximum dose
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Table 1 DVH constraints for planning

1B reference

of PTV_EVAL to minimum dose of PTV_EVAL. The conformity
index (CI) was defined as the ratio of volume that was covered by
the minimal dose of PTV_EVAL to the volume of PTV. The
associations between categorical variables (e.g., site of IB) and
patient and tumor characteristics at baseline were analyzed using
Fisher’s two-tailed exact test. Statistically significant differences
between two sample means and medians for continuous variables
(e.g., IB reference volume) were analyzed using the Student’s
unpaired #test. A p value of less than 0.05 was considered
statistically significant. Multivariate analysis of prognostic factors
was performed with the Cox proportional hazards model. Statis-
tical analyses were performed with JMP software, version 5.1
(SAS Institute, Cary, NC).

Results
Outcome of 3D-CRT planning

Median IB reference volume of all patients was 824 cm® (range,
425—1868) (Table 2). Median right IB reference volume was 794
cm? (range, 463—1556) and the left IB reference volume was 849
cm® (range, 425—1868), respectively (p = 0.63). Median CCD
and APD for all patients were 4.5 cm (range, 2.0—9.5) and 4.2 cm
(range, 0.8—7.6), respectively.
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Median CTV for all patients was 56.3 cm? (range, 11.3—83.6),
and median PTV for all patients was 246.9 cm’® (range,
113.4—370.9) (Table 3). The median ratio between IB-PTV and IB
reference volume was 74.9% (range, 54.0—86.9). The number of
external beams ranged from three to six; the four-beam technique
was mainly used for patients with the right breast region, and the
five-beam technique was mainly used for patients with the left
breast region. The median value of mean dose of PTV_EVAL was
30.2 Gy (range, 29.5—30.8). The median value of HI for all
patients was 1.24 (range, 1.14—1.39), and the median value of CI
for all patients was 1.38 (range, 1.01—2.40).

Unsuitable patients for the NSABP B-39/RT0OG
0413 protocol

DVH constraints for organs at risk according to the NSABP B-39/
RTOG 0413 protocol were satisfied in 39 patients (78%). Seven
patients showed nonoptimal DVH for the ipsilateral lung; 5
patients for the contralateral breast; 4 patients for IB-Vso; 2
patients for the heart; and 1 patient for the thyroid. Univariate
logistic regression analysis revealed that long CCD and medial
tumors were correlated with nonoptimal DVH constraints (p <
0.0001 and p = 0.007, respectively), but pathological T stage
excluding pTis (T1a/T1b/T1c/T2), APD, site of IB (right/left), and
IB reference volume were not (p = 0.98, p = 0.54, p = 0.73, and




