national practice processes of radiotherapy for selected
malignancies over certain periods of time (3). In the PCS
survey, detailed information about the structures, processes
and outcomes of radiation treatment was collected. The
200305 PCS, which is the most recent PCS, included ques-
tionnaires designed to assess treatment planning practices
currently in use. The goal of this current report is to identify
the treatment planning process for patients with localized
prostate cancer in Japan.

PATIENTS AND METHODS

The methods used in data collection for the PCS have been
described previously (1-3). From a stratified Facilities
Master List, 34 hospitals were randomly selected from A
institutions (university hospitals/cancer centers) and 27 hos-
pitals from B institutions (non-academic hospitals) (Table 1).
Between August 2006 and September 2008, each of the
chosen facilities was visited by member physicians of the
PCS group. A total of up to 10 medical records from each
institution were randomly selected and reviewed. The follow-
ing eligibility criteria were used in the process survey. The
patients were required to have been diagnosed with adeno-
carcinoma of the prostate without evidence of distant metas-
tases; they had to have been treated with radiotherapy
between 2003 and 2005; and the patients must not have been
diagnosed with any other malignancy nor have been pre-
viously treated with radiotherapy. From a total of 592 eli-
gible cases (Table 1), 397 patients were evaluated who had
been treated radically with external photon beam radiother-
apy. Patients who were treated after surgery or after pro-
gression from hormonal therapy were excluded.

In this paper, we focused on the patterns of radiation treat-
ment planning and delivery for localized prostate cancer.
The data were stratified according to whether the treatment
took place in academic or non-academic facilities, and com-
pared on this basis. For statistical ana1y31s the differences
between proportions were tested by the x* test. A P value
<0.05 was considered to indicate a statistically significant

difference.

Table 1. The number of patients examined in this analysis

No. of No. of total No. of
facilities  prostate patients in
patients this study
A institutions (university hospitals and cancer centers)
Al (2410 patients per year) 17 180 111
A2 (<410 patients per year) 17 © 164 105
B institutions (non-academic hospitals)
B1 (> 130 patients per year) 15 148 117
B2 (<130 patients per year) 12 100 64
Total 61 592 397
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RESULTS
TREATMENT PLANNING AND IMPLEMENTATION

The computed tomography (CT) simulation usage rates are
shown in Table 2. CT data were used for planning in ~90%
of the patients. The majority of the CT data were obtained
from dedicated CT scanners in A institutions, but almost half
of the CT data were obtained from diagnostic CT scanners in
B institutions. X-ray simulation was used more frequently in B
institutions. Contrast was rarely used for treatment planning. -

Verification of the treatment fields using portal films or
electric portal imaging devices was undertaken in most of
the patients. However, regular or multiple verifications in
addition to initial treatment and/or portal volume changes
were performed in only 30% of the patients.

PosITION AND IMMOBILIZATION OF PAT]ENTS

Simulations and treatments were performed in the supine
position in almost all patients (Table 3). Immobilization
devices were used for only 15% of the patients.

TREATMENT TECHNIQUES

Treatment techniques are shown in Table 4. The most com-
monly used photon energy was 10 MV. In B institutions,
lower energies <10 MV were used more frequently

Table 2. Trcatment planning and implementation

Stratiﬁcati_(;n” P value
A B
Simulation 0.021
CT simulation with/without X-ray 203 (94.0%) 158 (87.3%)
simulation
Dedicated CT 171 (79.2%) 82 (45.3%)
Diagnostic CT 32 (14.8%) 76 (42.0%)
X-ray simulation only 13 (6.0%) 23 (12.7%)
Contrast used for treatment planning 0.871
None : 213 (98.6%) 179 (98.9%)
Rectal barium 0 .2 (1.1%)
Urethrogram 1 (0.5%) 0
Both 1 (0.5%) 0
Portal verification 4 0.031
None 9 (4.2%) 0

Initial treatment or field change 147 (68.1%) 128 (70.7%)

only

Regular or multiple intervals 60 (27.8%)

53 (29.3%)

CT, computed tomography.

- ?Because some data were missing, the total numbers of patients may be less

than the actual numbers.
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Table 3. Position and immobilization of patients

‘Table 4. Treatment techniques

34% of the patients, respectively. However, only 51% of the
patients had CT data for planning in the 1989 PCS (4). It is
recornmended that rectal or bladder dye should be utilized to

Stratification P value Stratification P value
A B A B
i’;;ition T 0.403 ) Energy (MV) ) - - 0.0000
Supine 216 (100%) 179 (98.9%) 4-5.9 10 (4.8%) 13 (7.4%)
Prone 0 2 (1.1%) 6-9.9 8(3.9%) 42 (24.0%)
Immobilization 0.434 10—-14.9 149 (72%) 113 (64.4%)
None 174 (80.6%) 158 (87.3%) >15 ‘ 40 (193%) 7 (4.0%)
Cast* 24 (11.1%) 14 (7.7%) Field arrangement for the prostate 0.0000
Body frame® 9 (4.2%) 9 (5.0%) 2-field 36 (16.8%) 15 (8.4%)
Others/unknown 9 (4.2%) 0 3-field 7 (3.3%) 2(1.1%)
. 4-field 49 (22.9%) 71 (39.7%)
g s e s i oy s syt sk s il g Busen 402
using a base plate and body shells. >6-field 26 (12.2%) 12 (6.7%)
Rotational 21 (9.8%) 16 (8.9%)
Pendulum 41(19.2%) 54 (30.2%)
The ty'p‘icgl bfearfr} arr?in]g;r;lcnt ’If‘or ttreatn;elllt of thle c;i)rgs- 3DCRT/IMRT technique 0.0000
tate consisted of a four-fie 0X. ireatment plan included a .
moving field in one-third of the patients, 3D (I:)onformal tech- 3DCRT-dynamic 64(29.6%) 34 (29.8%)
‘niques including IMRT were generally applied less fre- 3DCRT-static 87 (403%) 38 21.0%)
quently in B institutions than in A institutions (Al, 97.3%; IMRT-step and shoot 13(6.0%)  2(1.1%)
A2, 53.3%; B1, 59.8%; and B2, 37.5%). Modernized multi- IMRT-sliding window 0 0
leaf collimators (MLC) with leaf widths <10 mm were used None 52 (24.1%) 87 (48.1%)
in about two-thirds of the patients. Width of multileaf collimator leaves 0.0000
5 mm 38 (l7>.6%) 53 (29.3%)
ToTAL Dosg 10 mm 120 (55.6%) 52 (28.7%)
The median dose given to the prostate was 70 Gy (Al, 20mm (106 19(10.5%)
70 Gy; A2, 70 Gy; B1, 67.8 Gy; and B2, 66 Gy). Figure 1 Block 15(7.0%)  3107.1%)
shows the distributions of doses delivered to the prostate None 26 (12.0%) 26 (14.4%)
according to the leaf width of MLC. Although the doses Unknown 7 (3.2%) 0
were affected by the leaf width, there were no significant
differences between the dosages delivered at 5 mm and those 3DCRT, three-dimensional conformal radiotherapy; IMRT,
delivered at 10 mm MLC leaf width (P = 0.12). intensity-modulated radiotherapy.
' 100 -
DISCUSSION o |
This is the first detailed survey report focusing on the radi- ®5mm
ation treatment planning for prostate cancer in Japan. This flcmm
report provides a clear picture of the present practices relat- g’ & -::Z;nem
ing to treatment planning in this country. Because few 8
reports exist on treatment planning practices for prostate & 40 -
cancer (4,5), these data will serve as a baseline for future
surveys as well as for the multicenter trials including
radiotherapy. 2 1
The results in this study show that contrast was rarely
used for treatment planning in Japan. In the 1989 US PCS o
(4), contrast was used in the bladder and rectum in 25% and 0-59.9  60-649  65-59.5  70~718  72-755  76-84.9
Dose (Gy)

Figure 1. Distribution of radiation doses delivered to the prostate according
to the leaf widths of multileaf collimators.



help design field blocking and beam arrangements, if X-ray’

simulation is used (4,6). However, contrast may not be
needed to determine the position of the prostate when CT
simulation is performed. In this survey, there were no ques-
tionnaires on the usage of magnetic resonance imaging
(MRI) images for prostate cancer treatment planning. Going
forward, it is expected that MRI/CT image fusion techniques
will be increasingly important to define the anatomical struc-
tures including the prostate (7,8). The next PCS survey will
take this issue into consideration.

Regular or multiple verifications of the treatment fields
were performed in only 30% of the patients in this study.
In the USA, radiation fields were verified with regular inter-
vals in 60% of the prostate patients surveyed in the 1989
PCS (4). It is hoped that if electric portal imaging devices
become more popular in Japan, verification of the treatment
fields will be performed more frequently.

Simulations and treatments were performed in the supine
position in almost all patients. Published literature suggests a
variation in results between the use of the prone and supine
positions for prostate cancer radiotherapy. Several authors
demonstrated that the rectal dose was reduced in the prone
position (9,10). However, in the absence of immobilization
devices, daily setup reproducibility may be less accurate for
the prone position, primarily due to systematic setup vari-
ations (10). Patient positioning procedures in prostate radio-
therapy should be evaluated in each institution, in particular
if the radiation doses to the prostate are high.

Immobilization was used in only 15% of the patients. This
may be in part because immobilization devices for body
malignancies are not covered by health insurance in Japan.
As mentioned above, patient immobilization can be an
important contributor to the reproducibility and accuracy of
radiotherapy (11). More widespread use of immobilization
devices will also be required with an increase in treatment
using 3DCRT or IMRT, which utilize higher dosages of
radiation.

The radiation doses delivered to the prostate were affected
by the leaf width of MLC. However, there were no signifi-
cant differences between a2 5 mm and a 10 mm MLC leaf
size. Leal et al. (12) showed that the impact on the clinical
dose distribution due to the MLC leaf width chdnge from 10
to 5 mm is quite low on the dose distribution in patients
treated with 3DCRT and IMRT. On the other hand, Wang
et al. (13) insisted that the use of the micro-MLC for IMRT
of the prostate resulted in significant improvement in the
dose distributions to the prostate and critical organs.
Although narrower leaves give better sparing of organs at
risks, the clinical value should be carefully evaluated.

Several significant variances in the process according to
the stratification of institutions were also observed. Although
CT data were used for planning in ~90% of the patients, 3D
conformal techniques including IMRT were applied less fre-
quently in B institutions. In particular, only 37.5% of the
patients were treated with 3D conformal techniques in B2
institutions. In B institutions, lower photon energies

Jpn J Clin Oncol 2009,39(12) 823

<10 MV were also used more frequently. Delivery of high
radiation doses without the use of 3D conformal techniques
may produce late morbidity of the surrounding tissues.
Because some guidelines have recommended that 3DCRT or
IMRT techniques should be employed in external beam
radiotherapy for prostate cancer (14,15), structural improve-
ment in B institutions should be urgently considered.

In conclusion, the results of the survey identified the stan-
dard of practice for treatment planning of prostate cancer in
Japan. Although the preferred methods of planning and deliv-
ery have been defined somewhat differently at various insti-
tutions, it is necessary to define and develop recommended
guidelines for the treatment planning process, in particular, for
a clinical trial on radiotherapy for prostate cancer.
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Abstract. Aim: To analyze retrospectively the results of
postoperative radiotherapy for localized prostate cancer and
to investigate the clinical significance of nadir prostate-
specific antigen (PSA) value within 12 months (nPSAI2) as
an early estimate of clinical outcome after radiotherapy.
Patients and Methods: Seventy-six patients with localized
prostate cancer treated with postoperative radiotherapy were
retrospectively reviewed. Total radiation doses ranged from 50
to 70 Gy (median: 60 Gy), and the median follow-up period
for all 76 patients was 47.9 months (range, 124-101.3
months). Results: The 5-year actuarial overall survival,
progression-free survival, biochemical relapse-free survival
(BRFS) and local control rates in all 76 patients after
radiotherapy were 86.1%, 77.8%, 800% and 92.2%,
respectively. Distant metastases and/or regional lymph node
metastases developed in 11 patients (14%) after radiotherapy,
while local progression was observed in only 5 patients (7%).
Of all 76 patients, the median nPSAI2 in patients with
biochemical failure and that in patients without biochemical
failure were 1.16 ng/ml and 0.05 ng/ml, respectively. The 5-
year BRFS rates in patients with low nPSAI2 (<0.5 ng/mli)
and those with high nPSA12 (0.5 ng/ml) were 92.7% and
42.2%, respectively (p<0.0001). In univariate analysis,
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nPSAI2, pre-radiotherapy PSA, Karnofsky performance status
and the use of chemotherapy had a significant impact on
BRFS, and in multivariate analysis, nPSAl2 alone was an
independent prognostic factor for BRFS. Conclusion:
Postoperative radiotherapy results in an excellent local
control rate for localized prostate cancer and nPSAI2 is
predictive of biochemical failure after postoperative
radiotherapy.

Radical prostatectomy has been established as the primary
curative procedure for the treatment of localized prostate
cancer. However, despite a marked downward stage shift due
to widespread serum prostate-specific antigen (PSA) screening
and improvement in surgical techniques, approximately one-
third of patients who undergo radical prostatectomy for their
prostate cancer will experience biochemical recurrence after
surgery (1-3). Many reports have indicated that the most
significant risk factors for biochemical recurrence after
prostatectomy are high Gleason score, extraprostatic
extension, seminal vesicle invasion and a positive surgical
margin (1, 4-8). Rising PSA levels following radical
prostatectomy may be due to a local recurrence in the prostatic
bed, occult distant metastases or a combination of both;
Although the optimal postoperative management of patients
with localized prostate cancer has not yet been established,
postoperative radiotherapy may be considered the treatment of

-choice to achieve both biochemical and local control (9-13).

Recent randomized trials have demonstrated that in men who
had undergone radical prostatectomy for. pathologically
advanced prostate cancer, adjuvant radiotherapy resulted in a
significantly reduced risk of biochemical recurrence and
disease recurrence compared with observation alone (11, 14).
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However, little information regarding clinically useful markers
of recurrence risk exists for prostate cancer patients who
undergo postoperative rzidiotherapy.

For patients with untreated prostate cancer, PSA has been
utilized as an important marker for treatment response and
disease recurrence for prostate cancer (15, 16). The nadir in
PSA (nPSA) after radiotherapy has been shown to predict
biochemical fajlure (17, 18), distant metastasis (19, 20),
cause-specific mortality (21, 22) and overall mortality (22).
However, the nPSA usually takes several years to occur,
even as long as 8-10 years in some patients, and as a
consequence, nPSA has little practical clinical value. It
would be ideal to identify a surrogate nPSA that describes
the lowest PSA achieved during a well-defined, relatively
short time interval after completion of radiotherapy.
Recently, time-limited survey of PSA, such as nPSA value
within 12 months (nPSA12), has been reported to be an early
predictér of biochemical failure, distant metastasis and
mortality that is independent of radiotherapy dose and other
determinants of outcome after radiotherapy for previously
untreated localized prostate cancer (15, 16). .

Because nPSA12 has been shown to be a useful predictor
of treatment outcome for untreated localized prostate cancer
treated with radical radiotherapy, we hypothesized that
nPSA12 may also have potential applications in the
monitoring of localized prostate cancer treated with
postoperative radiotherapy. In the current study, we first
analyzed the treatment results of postoperative radiotherapy
for patients with localized prostate cancer. Next, we

examined the nPSA12 level in patients with localized

prostate cancer treated with postoperative radiotherapy and
. investigated whether nPSA12 could be a prognostic factor of
clinical outcomes for these patients.

Patients and Methods

We used the detailed data from patients with localized prostate
cancer who were included in the Japanese Patterns of Care Study
(PCS). The PCS, which has been developed in the United States as
a quality assurance program, was conducted in Japan in an attempt
to obtain data on the national standards of radiotherapy for several
diseases including prostate cancer (23). The Japanese PCS Working
Subgroup of Prostate Cancer initiated a nationwide process survey
for patients who underwent radiotherapy between 1996 and 1998.
Subsequently, a second PCS of Japanese patients treated between
1999 and 2001 was conducted. We have previously reported the
results of the first and second PCS surveys .with respect to
postoperative external beam radiotherapy for prostate cancer
patients (24). S A

PCS methodology has been described previously (23, 25, 26). In
brief, the PCS surveys were extramural andits that utilized a
stratified two-stage cluster sampling design. The PCS surveyors
consisted of 20 radiation oncologists from academic institutions, and
each radiation oncologist collected data by reviewing patients’
charts from their institution. Patients with a diagnosis of
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adenocarcinoma of the prostate were eligible for inclusion in the
present study unless they had one or more of the following
conditions: i) evidence of distant metastasis; ii) concurrent or prior

. diagnosis of any other malignancy; iii) prior radiotherapy. The PCS

data used in the current study are from two Japanese national
surveys conducted to evaluate prostate cancer patients treated with
radiotherapy in the 1996-1998 and 1999-2001 PCS surveys. Of the
839 patients comprising the 1996-1998 and 1999-2001 PCS survey
populations, a total of 169 patients who received postoperative
radiotherapy after radical prostatectomy were identified. Of these,
93 patients with insufficient nPSA12 data and/or patients who
received total doses of less than 50 Gy were excluded, and in total,
76 patients with measurable nPSA12 were subjected to this analysis.
The disease characteristics of these 76 patients, such as the tumor
stage and pre-treatment PSA levels, were not significantly different
compared to those of 93 patients having insufficient data for
nPSA12 and/or those who received total doses of less than 50 Gy.

"All 76 patients received surgical resection initially, followed by

postoperative radiotherapy.

Table I shows the patient characteristics of all 76 patients.
Postoperative radiotherapy was administered as an adjuvant therapy
(undetectable PSA and postoperative radiotherapy in 3-12 months
after surgery) to 42 patients and the remaining 34 patients received
radiotherapy as salvage therapy (elevated PSA and/or delayed rise in
PSA after surgery). PSA was defined as the PSA value before initial
treatment and pre-radiotherapy PSA was defined as the PSA value
just before radiotherapy.

The method of treatment is shown in Table II. Hormonal therapy
was administered either alone or in combination with orchiectomy,
estrogen agents, luteinizing hormone-releasing hormone (LH-RH)
agonists or antiandrogens after radiotherapy. The median duration
of hormonal therapy was 15.4 months (range, 0.1-77.6 months).
Regarding chemotherapy, 11 patients (14%) were also treated with
chemotherapy, such as estramustine and 5-fluorouracil,

Regarding radiotherapy, the majority of patients were treated
with >10 MV linear accelerators and also treated with 4 or more
portals. The median radiation dose delivered to the prostate bed was
60 Gy (range, 50-70 Gy), and the median dose per fraction was 2
Gy (range, 2-2.2 Gy). Thirty patients (39%) received treatment to
the pelvic nodes in addition to prostate bed, and the remaining 46
patients (61%) received irradiation only to the prostate bed.
Regarding lymph node status, 6 out of 7 patients (86%) with
pathologically positive lymph nodes received treatment to the pelvic
nodes in addition to prostate,

nPSAI12 was defined as the lowest PSA level achieved during the
first year after completion of radiotherapy, The median number of
PSA evaluations within 12 months after radiotherapy was 4 times
(range, 1-17) in all 76 patients. The median follow-up of all patients
was 47.9 months (range, 12.4-101.3 months), and all patients
without biochemical failure had at least 1 year’s follow-up.
Biochemical failure is defined according to the Phoenix consensus
definitions: failure is considered when PSA levels reach 2 ng/ml or
more above nadir (27). Concerning clinical failure, patients were
categorized as having progression after radiotherapy if they
developed local, pelvic nodal, or distant failure. Alone or
combination of chest radiography, liver ultrasound, computed
tomography scans and magnetic resonance imaging scans were used
for confirmation of suspected progression.

Statistical analyses were performed using the Statistical Analysis
System at the PCS statistical center (28). Overall survival,
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Table 1. Patient characteristics.

Table II. Treatment characteristics.

No. of patients

No. of patients

Age (median: 67.0116 years)

<70 51

270 - 25
Type of therapy

Adjuvant 42

Salvage 34
Surgical margin

- 31

+ 15

Unknown : 30
Capsular invation

- 15

+ 34

Unknown 27
Seminal vescicle invation

- 30

+ 14

Unknown 32
Pathological T stage

T0-2 11

T3-4 62

Unknown 3
Pathological N stage

NO 52

N1 7

Unknown 17
KPS (%)

=80 17

>80 58

Unknown 1

Pre-treatment PSA (ng/ml)

Median (range) 14.7 (0.0-268.2)

<20 40
>20 29
Unknown 7

Pre-radiotherapy PSA (ng/ml)

Median (range) 0.6435 (0.01-22.90)

<2 42

=2 12

Unknown 22
Gleason combined score

=<6 24

>6 19

Unknown 33
Differentiation

Well/Moderate 49

Poor- 22

Unknown 5

KPS, Kamofsky performance status; PSA, prostate-specific antigen.

progression-free survival (PFS), biochemical relapse-free survival
(BRFS) and local control rates were calculated actuarially according
to the Kaplan-Meier method (29) and were measured from the start of
radiotherapy. Differences between groups were estimated using the
chi-square test, Student’s rtest, Mann-Whitney U-test and the' log-
rank test (30). Multivariate analysis was performed using the Cox

Radiation field

Whole pelvis plus boost 30

Prostate only 46
CT-based treatment planning

Yes 63

No 13
Conformal therapy

Yes 30

No 40

Unknown 6
Total radiation dose (Gy)

<60 30

260 46
Use of hormonal therapy

Yes 57

No ) 18

Unknown : 1
Use of chemotherapy

Yes 11

No 62

Unknown ’ 3

KPS, Karnofsky performance status; PSA, prostate-specific antfgen.

regression model (31). A probability level of 0.05 was chosen for
statistical significance. The Radiotherapy Oncology Group (RTOG)
late toxicity scales were used to assess the late morbidity (32).

Results

Seven out of 76 patients (9%) died during the period of this
analysis. Of these patients, 6 patients died of prostate cancer
and the remaining 1 patient died without any sign of clinical
recurrence (intercurrent diseases). The S5-year actuarial
overall survival, PFS, BRFS and local control rates in all 76
patients after radiotherapy were 86.1%, 77.8%, 80.0% and
92.2%, respectively (Figures 1 and 2). With regard to the site
of recurrence, 15 patients had clinical failure (local only in 3,
local with distant metastases in 2, regional in 1, distant
metastasis in 7, regional and distant metastasis in 1 and
unknown site in 1 patient). Distant metastases and/or
regional lymph node metastases developed in 11 patients
(11%) after radiotherapy, while local progression was
observed in only 5 patients (7%). Regarding the total
radiation dose (Table IIT), 51 out of 56 patients (91%) treated
with less than 66 Gy achieved local control, while 20 out of
20 patients (100%) treated with 66 Gy or more achieved
local control (p=0.17). Regarding the radiation field used, 28
out of 30 patients (93%) treated for the whole pelvis with
boost and 43 out of 46 patients (93%) treated with a local
field achieved local control; this difference was not
statistically significant (p=0.98).
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Figure 1. Actuarial overall and progression-free survival curves for 76
patients with prostate cancer treated with postoperative radiotherapy.

Table IIL. Local control according to the radiation dose and field.

Total dose No.of  No. of pts Incidence of LC
Gy) pts with LC

WP +B Local
50-59.9 30 28 (93%) 18/19 10/11
60-61.9 23 21 (91%) 9/9 12/14
62-63.9 0 0 0/0 0/0
64-659 3 2 (67%) 172 1
66-67.9 )
68-69.9 9 9 (100%) 0/0 9/9
70 11 11 (100%) 0/0 11
Total 76 71 (93%) 28/30 (93%)  43/46 (93%)

Pts, Patients; L.C, local control; WP, whole pelvis; B, boost.

Of.all 76 patients, the median nPSA12 in patients with
biochemical failure and that in patients without biochemical
failure were 1.16 ng/ml and 0.05 ng/ml, respectively. Patients
treated with adjuvant therapy had significantly lower nPSA12
(median: 0.07 ng/ml) than those treated with salvage therapy
(median: 0.23 ng/ml, p=0.018). On the other hand, patients
treated with hormonal therapy had almost similar nPSA12
(median: 0.10 ng/ml) compared to those without hormonal
therapy (median: 0.09 ng/ml, p=0.45). Figure 3 shows the
distribution of nPSA12 according to the achievement of
biochemical control. Over 80% of patients with biochemical
control (52 out of 62 patients, 84%) had a nPSA12 of <0.5
ng/ml, while only 4 patient out of 14 patients (29%).with
biochemical failure had a nPSA of <0.5 ng/ml (p<0.0001).
For the 52 patients who achieved a nPSA12 level <0.5 ng/ml
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Jor 76 patients with prostate cancer treated with radiotherapy.
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Figure 3. Distribution of nPSAI2 values according to biochemical
control (yes: controlled, no: not controlled). Over 80% of patients with
biochemical control had a nPSAI2 <0.5 ng/ml, while only 29% of
patients who experienced biochemical failure had a nPSAI2 <0.5 ngiml.

and who did not experience biochemical failure, the median .
time from the completion of radiotherapy to achievement of a
nPSA12 level <0.5 ng/ml was 2.0 months (range, 0.2-11.5
months).

When dividing patients into low (<0.5 ng/ml) and high
(>0.5 ng/ml) nPSA12 groups, the 5-year BRES rates in
patients with low nPSA12 and those with high nPSA12 were
92.7% and 42.2%, respectively (p<0.0001) (Figure 4). In
univariate analysis, nPSA12, pre-radiotherapy PSA, Kamofsky
performance status (KPS) and the use of chemotherapy had a
significant impact on BRFS, and other factors, such as type of
therapy (adjuvant vs. salvage), the total radiation dose and the
use of hormonal therapy, did not influence BRFS (Table IV).
In multivariate analysis, nPSA12 alone was an independent
prognostic factor for BRFS after radiotherapy (Table V).
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Table IV. Univariate analysis of various potential prognostic factors for
biochemical-free survival in patients with prostate cancer treated with
postoperative radiotherapy.

Univariate analysis

n  BFS, 5-year rate (%) p-Value

nPSA12 (ng/ml)
<0.5 56 92.7% 0.0002
205 20 42.2%

Therapy ‘
Adjuvant 42 81.9% 0.6615
Salvage 34 713% '

Surgical margin
- - 31 84.8% 0.2738
+ 15 68.6%

CAP .
- 15 . 92.9% 0.2497
+ 34 75.2%

SV
- 30 88.4% 0.4448
+ 14 75.0%

Pathological T stage
TO-2 62 100.0% 0.3445
T3-4 11 772%

Pathological N stage
NO 52 78.4% 0.6818
N1 7 714%

Pelvic irradiation
Yes 30 86.7% 0.3865
No 46 75.5%

Age (years)
<70 51 76.9% 0.2856
=70 25 86.5%

KPS (%)
<80 17 64.2% 0.0239
>80 58 84.6%

Pre-treatment PSA (ng/ml)
<20 40 72.5% 0.2022
=20 29 85.0%

Pre-radiotherapy PSA (ng/ml)
<2 42 89.5% 0.0160
=2 12 50.0%

Gleason combined score
=6 24 95.8% 0.1315
>6 19 78.6%

Differentiation
‘Well/Moderate 49 79.0% 0.4524
Poor 22 82.6%

T stage
TO-2 62 100.0% 0.3445
T3-4 11 772%

Use of chemotherapy
Yes 11 45.5% 0.0033
No 62 86.6%

Use of hormone therapy i
Yes 57 75.7% 0.1717
No 18 93.8%

Use of postRT hormonetherapy
Yes 40 73.8% 0.4407
No 26 82.0%

Total radiation dose (Gy)
<60 30 78.9% 0.7143
=60 46 80.6%

nPSA12, Nadir prostate-specific antigen within 12 months; KPS,
Karnofsky performance status; BFS, biochemical-free survival; PSA,
prostate-specific antigen.

Table V. Multivariate analysis of various potential prognostic factors
for biochemical-free survival in patients with prostate cancer treated
with postoperative radiotherapy.

Multivariate analysis

RR (95% CI) p-Value
nPSA12 (ng/ml)
<0.5 7.403 (1.296-42.287) 0.0244
20.5
KPS (%)
=80 2.156 (0.423-10.981) 0.3552
>80 .
Pre-radiotherapy PSA (ng/mi)
<2 2.107 (0.441-10.077) 0.3507
=2
Use of chemotherapy
Yes 0.471 (0.061-3.608) 0.4685
No

PSA, Prostate-specific antigen; KPS, Karnofsky performance status;
RR, relative ratio; CI, confidence intervals.’

Regarding clinical control, the median nPSA12s in
patients without clinical failure after radiotherapy and those
with clinical failure were 0.04 ng/ml (range, 0.00-5.90
ng/ml) and 0.90 ng/ml (range, 0.00-5.00 ng/ml), respectively.
The 5-year actuarial PES rates in patients with high nPSA12
levels and patients with low nPSA12 levels were 92.7% and
35.9%, respectively (Figure 5). The difference between these
two groups was statistically significant (p<0.0001). In a
univariate analysis, nPSA12, surgical margin status, KPS,
pre-radiotherapy PSA and the use of chemotherapy had a
statistically significant impact on PFS (Figure 5; Table VI).
However, in a multivariate analysis, no factors were
independent prognostic factors for PFS (Table VII),

Late morbidity of RTOG grade 2-3 was observed in 8
patients (11%). A total of 4 patients experienced late rectal
toxicity and the remaining 4 patients had late urinary toxicity.
There were no cases of grade 4 toxicity (Table VIII). Regarding
4 patients who suffered grade 3 late complications, CT-based
treatment planning was carried out in only 1 patient (25%), and
conformal therapy was supplemented in 1 patient (25%).

Discussion

The current study indicated that postoperative radiotherapy gave
an excellent local control rate for patients treated with radical
prostatectomy. Several reports have also indicated that
postoperative radiotherapy gave an excellent local control rate
for these tumors (11, 33-35). The EORTC trial reported the
cumulative incidence of locoregional failure at 5 years of
follow-up, and a statistically lower incidence of failure was seen
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Figure 4. Actuarial biochemical-free survival curves according to the
level of nPSAI2. There were significant differences in PFS between
patients with a low nPSAI2 value (<0.5 ng/ml) and those with a high
nPSAI2 value (0.5 ng/ml).

in the adjuvant radiotherapy arm (5.4%) than in the observation
arm (15.4%) (11). Cozzarini et al. retrospectively analyzed 237
patients who underwent postoperative radiotherapy (within 6
months of surgery), and indicated that the actuarial 8-year local
control rate was 93% (33). In the current study, only 5 out of
76 patients (7%) developed local failure after radiotherapy.

Although the dose response in patients who undergo
postoperative radiotherapy for localized prostate cancer has not
yet been clearly established, higher doses with curative intent
can result in favorable outcomes in some patients. In the
current study, the 5-year local control in 76 patients treated
with a median dose of 60 Gy was 92.2%, and 22 out of 22
patients (100%) treated with 66 Gy or more had achieved local
control. Several reports have suggested that radiation doses of
65 Gy or more are associated with improved biochemical PFS
(36, 37). Therefore, radiation doses of 65 Gy or more appear to
be appropriate for prostate cancer patients when treated with
postoperative radiotherapy. However, in the current study, it is
important to note that the almost all patients who suffered
grade 3 late complications were treated without CT-based
treatment planning and/or conformal therapy. Therefore, CT-
based treatment planning and/or conformal therapy should be
required to reduce the late complications. Concerning the
radiation field, we did not find significant differences in local
control between patients treated for the whole pelvis with or
without boost and those treated with a localized field only.
Therefore, localized field irradiation may be sufficient in this
patient population. Further studies are required to determine
whether a localized field is sufficient for these patients.

The current study also indicated that patients with a high
nPSAI2 had a significantly lJower BRES rate than patients with
a low nPSA12, and nPSA12 was an independent prognostic
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Figure 5. Actuarial progression-free survival curves according to the
level of nPSAI2. There were significant differences in PFS between
patients with a low nPSAI2 value (<0.5 ng/ml) and those with a high
nPSAI2 value (0.5 ng/ml).

factor for BRFS in patients with localized prostate cancer
treated with postoperative radiotherapy. Moreover, patients with
low nPSA12 levels had significantly higher PFS than those with
high nPSA12 level, although nPSA12 was not an independent
prognostic factor for PFS in the multivariate analysis. To our
knowledge, this is the first report to demonstrate the utility of
nPSA12 in determining prognosis in patients with localized
prostate cancer ftreated with postoperative radiotherapy.
Concerning previously untreated prostate cancer, Alcantara ez
al. indicate that nPSA12 is independent of radiation dose, T
stage, Gleason score, pretreatment initial PSA, age and PSA
doubling time, and dichotomized nPSA12 (<2 versus >2 ng/ml)
was independently related to distant metastasis and cause-
specific mortality (15). Ray et al. indicated that patients with
nPSA12 <2.0 ng/ml had significantly higher 8-year PSA failure-
free survival and overall survival than patients with nPSA12
>2.0 ng/ml, and nPSA12 was an independent prognostic factor
for prostate cancer patients treated with radiotherapy alone (16).
Furthermore, Ogawa et al. indicated that nPSA12 was an
independent prognostic factor for hormone-refractory prostate
cancer patients treated with radiotherapy (38). These resuits
suggest that nPSA12 may be a useful marker for patients with
localized prostate cancer treated with postoperative radiotherapy
as well as patients with previously untreated prostate cancer
treated with radiotherapy and clinically localized hormone-
refractory prostate cancer.

Several previous studies have suggested other potential
factors associated with the risk of prostate cancer recurrence,
such as pre-radiotherapy PSA, PSA velocity and PSA doubling
time (PSADT) (9, 39-42). For patients treated with salvage
radiotherapy, Gleason score, pre-radiotherapy PSA level,
surgical margins, PSADT and seminal vesicle invasion are
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Table VL. Univariate analysis of various potential prognostic factors for
progression-free survival in patients with prostate cancer treated with
postoperative radiotherapy.

Univariate analysis

n  PFS, 5-year rate (%) p-Value

nPSA12 (ng/ml)
<0.5 56 92.7% .<0.0001
=0.5 20 35.9%

Therapy )
Adjuvant 42 72.7% 0.1838
Salvage 34 69.8%

Surgical margin
- . 31 96.8% 0.0258
+ 15 56.7%

CAP
- 15 86.7% 0.7355
+ 34 77.6%

sV )

- 30 93.3% 0.0997
+ 14 68.8%

Pathological T stage
TO-2 62 90.9% 04793
T3-4 11 78.5%

Pathological N stage
NO 52 76.6% 0.8399
N1 7 71.4%

Pelvic irradiation
Yes 30 76.5% 0.9782
No 46 78.7%

Age (years)
<70 51 73.3% 0.2382
=70 , - 25 87.0%

KPS (%)
<80 17 57.3% 0.0417
>80 58 82.8%

Pre-treatment PSA (ng/ml)
<20 . 40 74.8% 0.6650
220 29 82.6%

Pre-radiotherapy PSA (ng/ml) : '
<2 42 90.4% 0.0103
22 12 44.4%

Gleason combined score
=<6 . 24 95.8% 0.0706
>6 19 71.8%

Differentiation
Well/Moderate 49 85.3% 0.0744
Poor 22 65.4%

Use of chemotherapy
Yes 11 455% 0.0102
No 62 83.8%

Use of hormonetherapy :

Yes 57 75.6% 0.3841
No 18 82.6%

Use of postRT hormone therapy )
Yes : 40 73.1% 0.5473
No 26 84.6%

Total radiation dose (Gy)
<60 30 72.7% 0.6112
=60 46 81.2%

nPSA12, Nadir prostate-specific antigen within 12 months; KPS,
Karnofsky performance status; PSA, prostate-specific antigen; PFS,
progression-free survival.

Table VI. Multivariate analysis of various potential prognostic factors
for progression-free survival in patients with prostate cancer treated
with postoperative radiotherapy.

Multivariate analysis

RR (95% CI) p-Value

nPSA12 (ng/ml)
<0.5
0.5

Surgical margin.
- 12.683 (0.656-245.321)
+

KPS (%)
<80 10.998 (0.426-283.891)
>80

Pre-radiotherapy PSA (ng/ml)
<2 0.255 (0.010-6.570)
=2

Use of chemotherapy
Yes 0.174 (0.007-4.082)
No

5.183 (0.326-82.512) 0.2439
0.0928
0.1483

0.4094

02771

PSA, Prostate-specific antigen; KPS, Karnofsky performance status;
RR, relatjve ratio; CI, confidence intervals.

Table VII. Late complications in patients with prostate cancer treated
with postoperative radiotherapy.

Toxicity grade Total dose
- (Grade 3)
Grade 2 Grade 3
Rectal
Bleeding 3 1 67.8 Gy
Urinary
Ureteral obstruction 1 0
Incontinence 0 2 60 Gy
Incontinence + Structure 0 1 56.6 Gy

prognostic variables for a durable response to salvage
radiotherapy (41). Sasaki et al. indicated that a low pre-
radjotherapy PSA level is a significant predictor of biochemical
control for postoperative radiotherapy in patients with prostate
cancer (42). King et al. reported that postoperative PSA
velocity independently predicts for the failure of salvage
radiotherapy after radical prostatectomy (39). Numata et al.
indicated that PSADT appears to be a good predictor of
response to salvage radiotherapy in patients with biochemical
recurrence after radical prostatectomy (9).

Concerning the timing of radiotherapy, adjuvant
radiotherapy following radical prostatectomy has been
compared to salvage therapy in numerous retrospective studies
that have included patients with high-risk pathological features
(10, 43-45). Overall, the results from those studies support the
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" use of adjuvant radiotherapy, with demonstrated improvements
in local and biochemical control. In the current study, there was
no significant difference in biochemical control between the

adjuvant radiotherapy group and the salvage radiotherapy

group. One of the reasons may be the small number of patients
in the current study. Our results also indicated that pre-
radiotherapy PSA, KPS and the use of chemotherapy had a
significant impact on BRES, although multivariate analyses
failed to confirm the significance. Further studies are required
to evaluate the influence of additional factors, such as PSA
velocity and PSADT, on clinical outcomes for localized
hormone-refractory patients treated with radiotherapy.

In conclusion, our results indicated that postoperative
radiotherapy gave an excellent local control rate for localized
prostate cancer after radical prostatectomy, and should be
considered the treatment of choice for these tumors. Our results
also indicated that nPSA12 is an early predictor of biochemical
failure that is independent of radiotherapy dose and other
determinants of outcome after postoperative radiotherapy for
prostate cancer patients treated with radical prostatectomy.
Therefore, nPSA12 could potentially help identify patients at

high risk who might benefit from the earlier application of

systemic therapy. However, this study is a retrospective study
with various treatment modalities, and further prospective
studies are required to confirm our results.
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JAPANESE STRUCTURE SURVEY OF RADIATION ONCOLOGY IN 2007
(FIRST REPORT)

JASTRO Database Committee ‘
Teruki Tesuma®!, Hodaka Numasakr'!, Hitoshi Suisuya™, Masamichi Nisgio™, Hiroshi Ikepa™,
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Abstract: A national structure survey of radiation oncology in 2007 using questionnaires was conducted from
March 2008 to January 2009 by JASTRO. The response rate was 721 out of 765 (94.2%) active radiotherapy
institutes. The total number of new cancer patients and the total number of cancer patients (new-+repeat) treated
with radiation were estimated to be approximately 181,000 and 218,000, respectively. The numbers of linac,
telecobalt, Gamma Knife®, ¥Co RALS, and ’Ir RALS in actual use were 807, 15, 46, 45, and 123, respectively.
The linac has a dual energy function in 539 (66.8%), 3DCRT in 555 (68.8%), and IMRT in 235 (29.1%). The
numbers of JASTRO-certified radiation oncologists, full time equivalent (FTE) radiation oncologists, medical
physicists, radiotherapy QA personnel, radiation therapists, radiation therapy nurses, and clerks were 477, 826 FIE,
64 FTE, 106 FTE, 1,634 FTE, 494 FTE, and 329, respectively. There were significant increases in the use of '
for prostate cancer patients by 52% and IMRT by 271% between 2005 and 2007. Geographically, there was still a
significant variation in the use of radiotherapy from 0.8 new patients per 1,000 population to 1.8 (average 1.3).

Key words: Structure survey, Radiotherapy facility, Radiotherapy equipment, Radiotherapy personnel
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Table 1 Category of radiation oncology facilities
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Table 2 Region and number of radiation oﬁcology facilities

115

b CREAFIEER) AR ( ks N ( mﬁfgggﬁgﬁ[% LR (%)
JeiEEQ) 34 31(912) 30 (88.2) 42
#r.(6) 64 61(95.3) 59 (92.2) 8.2
B8 227 205(90.3) 198 (87.2) 275
B - bRe(s) 57 51(89.5) 50 (87.7) 6.9
Hig(4) 95 90(94.7) 87 (91.6) 12.1
T (6) 141 131(92.9) 127 (90.1) 176
FE(S) 59 54(91.5) 54 (91.5) 7.5
U (4) 34 30(88.2) 27 (79.4) 3.7
U - TR (R) 103 94(91.3) 89 (86.4) 123
£[E(47) 814 747(91.8) 7217(88.6) 100

* 20074E S THRIG L MR %u:msﬁﬁ FEHEBIS N, T21HERRI394.2% 28 4.

Table 3 Number of radiation oncology facilities by annual patient load and category

MR AR 7
it 2‘*’% Total ﬁﬁ_’biuA [%]
(EMFREL U G N p 0 H
AQOALLT) -9 2 22 67 47 36 183 254
B(100~199A) 12 3 28 74 69 47 233 32.3
C(200~299 A) 11 3 10 38 33 20 115: 16.0
D(300~399A) 20 4 3 18 14 14 73 10.1
E(400~499 A) 17 1 1 6 5 1 37 5.1
F(500ALLE) 45 16 1 5 6 7 80 11.1
Total 114 29 65 208 174 131 721
b‘mp’“guf\{%] 15.8 4.0 9.0 28.8 24.1 182 100
Table 4-1 Annual number of new cancer patients by patient load and category of radiation oncology facilities
ﬁﬁgﬁﬁ%&%l: (hagk %) 5 EP 5
FOREAE (5730 Toul (721) M ERZHHE LD
U@114) G(29) N(65) P(208) 0174 H131) #

A(183) 439 58 1342 4,034 2,945 2,018 10,836 6.4 59.2
B(233) 1,796 453 3909 10316 9,538 6,686 32,698 19.2 1403
C(115) . 2,790 717 2,498 8,919 8,136 4913 27,973 16.4 2432
D(73) 6,847 1,341 995 6,057 5,087 4,490 24817 14.6 340.0
E(37) 7,557 439 421 2477 2,085 3,041 16,020 9.4 433.0
F (80) 30,922 13,786 731 3,481 3,584 5,381 57,885 340 7236
Total (721) 50351 16,794 9,896 35284 31375 26,529 170,229
WeEBEEEE%] 29.6 9.9 58 207 184 156 100
M T REH 4417 5791 1522 169.6 180.3 202.5 236.1

20074E B AT R E R I A 765 2R E HERI L 7235 A O HEEE #7187 1L,000A.
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i"ﬁhﬂf)“%ﬂ%‘ﬂ34% 39% B,

Table 5-1 12, MM L ERFAEREFRL T

A EHBEBI(%) TRLZ VDI, BERERDB5HT

Hots. ROTHEEZDNICT% , LN - PHBD11.2%, FiBED
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Table 4-2  Annual number of total cancer patients (new-+repeat) by patient load and category of radiation oncology facilities*

MRk X 5 (HERR B0 NEBERELS R
HERCHLAR (FERRED Total (721)

i is U(114) G(29) N(65) P(208) 0(174) H(131) o (%] HEEY
A(183) 506 64 1,643 4,864 3,330 2,297 12,704 6.2 69.4
B(233) 2,095 515 4,623 11,993 11,395 8,463 39,084 19.1 167.7
c(115) 3,560 909 3,005 10,604 9,991 6,033 34,102 16.6 296.5
D(73) 8374 1800 1258 786l 5,802 5472 30,567 14.9 418.7
E(37) 8,829 502 480 2,984 2,647 3,997 19,439 9.5 525.4
F (80) 37,191 17,178 804 4,105 4,245 5,668 69,191 33.7 864.9
Total (721) 60,555 20,968 11,813 42411 37410 31,930 205,087
MEBEHEE[%] 29.5 102 58 20.7 182 15.6 100
MR B E K 5312 7230 1817 203.9 215.0 2437 284.4
20074E BT AR TA IR E MR L2 765 8% & il L 25 A 0B EEEH  #521778,000A.

CEREN -HREN RS ERERADOMRIE, FEEM < 12THIEGRANR | 35k

BRI B E O 100 A B TR 5 - 3E R .

Table 5-1 Numbers of annual new cancer patients and radiation oncology facilities by region

s (BRERFRED TREAT R L TEEE EHBEBIL %] TR T BEH
deHEE (1) 30 8,268 49 275.6
#ik(6) 59 12,043 7.1 204.1
B (8) 198 57,015 335 288.0
14 - dukE(s) 50 10,750 6.3 215.0
HifE(4) 87 18,352 10.8 2109
W (6) 127 28,460 16.7 224.1
FE(S) 54 10,858 6.4 201.1
= (4) 27 5,424 32 200.9
Ju - Wi (8) 89 19,059 11.2 214.1
£E47) 721 170,229 100 236.1

20074 K5t %ﬁﬁé%mﬁfﬁ R A 165 tmﬂu LA3BE O BEE #9185 1,000A.

Table 5-2 Numbers of annual total cancer patients (new+repeat) and radiation oncology facilities by region

Hhigk (ERERF R fEHTHEER EBEEK SEBAHI (%] MR EREH
JrvEE () 30 10,951 53 365.0
Bk (6) 59 14,753 7.2 250.1
BEFE(8) 198 67,799 33.1 3424
Bt - JbRE(S) 50 12,311 6.0 2462
i) 87 22,910 112 2633
HE(6) 127 33,789 16.5 266.1
FE(S) 54 13,132 6.4 2432
T (4) 27 6,273 3.1 232.3
JuH - AR (8) 89 23,169 113 2603
4 (47) 721 205,087 © 100 284.4
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Table 6 Number of equipments and their function by annual patient load of radiation oncology facilities
hEE R L TR A(183)  B(233) C(115) D(73) E@37) F (80) Total (721)
linac 170 219 114 85 53 166 807
with dual energy function 80 141 89 61. 43 125 539
with 3DCRT function(MLC width=<1.0 cm) 82 136 84 65 44 144 555
with IMRT function 21 35 31 25 26 97 235
with IGRT function 13 17 11 8 10 49 108
with CT on rail 12 11 5 8 0 11 47
with treatment position verification system 8 13 13 15 15 46 110
annual no. patients/linac 70.2 165.8 2834 3311 344.8 416.8 2432
CyberKnife® 6 3 2 0 1 3 15
Novalis® 1 1 1 0 0 4 7
Synergy® 1 0 1 0 2 3 7
Trilogy® 2 1 0 0 2 4 9 .
Oncor® 4 3 1 1 1 4 14
TomoTherapy® 1 2 3 1 0 2 9
particle 1 0 0 0 0 5 6 .
betatron 0 0 0 0 0 0 0
microtron 1 2 4 1 1 4 13 .
telecobalt (actual use) 11(7) 2(2) 6(2) 3(0) 2(1) 4(3) 28(15)
Gamma Knife® 2 15 10 7 5 7 46
other accelerator 1 5 0 1 1 1 9
other external irradiation device 0 2 1 1 1 1 6
new type Co-60 RALS (actual use) 1B 5(5) 2(2) 2(2) 3(3) 3(3) 16(16)
old type Co-60 RALS (actual use) 2(1) 6(5) 9(6) 12(9) 5(4) 5(4) 39(29)
Ir-192 RALS (actual use) n 9(7) 19(19) 24(23) 1707 57(56)  127(123)
Cs-137 RALS (actual use) 0(0) 1(0) 0(0) 2(2) 0(0) (1) 4(3)
1,100
9 1,000
5 900 ;2007
,E 700 1
5 }
g“f 600
g 500 YWarning
& 400 level
: g . 300 Biue Book
é(: 200 Guidelines
100
0

Q1 Q2

Q3 Q4

Fig. 1  Distribution of annual patient load/external treatment equipment in radiation oncology facilities. Horizontal ;axis represents facilities in order of
increasing value of annual number of patients/treated equipment within facilities. Q1: 0-25%, Q2: 26-50%, Q3: 51-75%, Q4:.76-100%.
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~299 N D gk TiZ283.4 A, D:300~399A T33LIA %A
LT/, E:400~499 A Tid3448A, FIS500ALLET
12416 8AE BT LT, &ffTRAE, HERTV—

7y 7D FEMETH H250~300 N /B U L E EDI5%D
MR CIHBEL TV B, 65%DMRTIE, ZokE
WELT OB STz (Fig. 1). EI1AOHKET
300 AR X TIREL TV, I B 12% T, WEE
HEEA0NF B2 2 BE Y 1 BDlinac THBL Tz, B
DEF L L TCyberKnife®154, Novalis® 7 &, Synergy® 7
&, Trilogy® 9 &, Oncor®l4BPSEA SN Tw/z, KT

i, RBHCRLET 6 ARBL TV . IMURIRSHEE



118 T

Table 7 Number of treatment planning equipment and accessories by annual patient load of radiation oncology facilities

IR IR A (183) B (233) Cc(115) D (73) E(37) F (80) Total (721)
X-ray simulator 106 138 62 50 30 59 445
CT simulator 89 149 91 55 31 82 497
RTP computer (2 or more) 192(13) 248(24) 153(26) 107(25) 70(14) 300(66) 1,070(168)
X-ray CT(2 or more) 296(99) 501(183) 310(107) 223(63) 129(34) 369(72) 1,828(558)
for RT only 46 ‘, 93 62 49 .25 78 353
MRI(2 or more) 202(33) 339(100) 201(81) 142(59) 89(31) 216(66) 1,189(370)
for RT only 0o - 2 3 5 0 3 13
computer use for RT recording 147 211 107 68 35 72 640
water phantom (2 or more) 160(19) 223(30) 120(21) 80(17) 47(12) 116(25) 746(124)
film densitometer(2 or more) 67(4) 78(4) 59(0) 45(3) 23(2) 71(4) 343(17)
dosemeter(3 or more) 620(105) 209(35) 164(27) 402(54) 2,181(348)

421(66)

365(61)

Table 8 Number of treatment planning by its complexity and annual patient load by radiation oncology facilities (n=548*)

BUR#Ria SR S EE S (B RS B A T 2 814 [%])

A (133) B (181) C (86) D(52) E(Q7) F (69) Total (548)
Bt 5,424 15,128 10,932 8,797 6,100 20,793 67,174
(1 FIRSY, #hfg 2 PIERET) (62.6) (54.8) (48.6) (45.7) (49.0) (39.1) (46.8%)
gl 1,884 7,023 6,732 5,946 3,530 16,074 41,189
(FExtiay 2 FARRAT, 3 FIERST) (21.8) (25.4) (29.9) (30.9) (28.3) (30.3) (28.7%)
ok 1,352 5,450 4,835 4516 2,827 16,259 35,239
(4 ML LooREET, EBIREST,  EARED (15.6) (19.7) (21.5) (23.4) (22.7) (30.6) (245%)
A& 8,660 27,601 22,499 19,259 12,457 53,126 143,602
BEREREEEEDREA TH o715 1 17356,
(EREE) 13%°Co RALSOF E 5164, [HE 53294 (5145 4, AB

A), IrRALSAS123%A, YCs-RALSY 3 B TH o7, Hisk
BB LRI 2 &, C:200~209 A BLE DK & 55
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A BEBFHIIS6AN, FHEMI2425ACTH o
SHRIGHREYIE 1 FTEY2 ) O BEMERIT, 2482205,
087/8263) N CH 72", (FEMAITILE 2 FHBR)

5. TkAE A

Table 1042, —&BIAETERET LI OIS BRIG R X FIRE L C
V5. BERIBRSHE3,235610 (20054 3,246M0) A5172065812 T1F
bivCnrz HHPARRS RIS — FisE 2 &) 133301
(200548 2,773B0) H9THERICCITbN, BINZER S — ks
132,690 (20054 1,76561) 218HERR 2 CIT bR T, 4
5 BRET31,633610 (200548 1,738M51) DI8SHEER IS T, i b AR s
1225140 (20054F 38741) 25415 3% 12 T, & L) BB & 1t



