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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 1 2 months (nPSA12) 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, 12.4-101.3
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%, 80.0% 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/mi, respectively. The 5-
year BRFS rates in patients with low nPSAI2 ( <0.5 ng/ml)
and those with high nPSAI2 (20.5 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, nPSAI2 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
bad 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 radiotherapy.

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 failure (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
predictor 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 nPSA 12 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 hdve previously reported the
results of the first and second PCS surveys with respect to
poétopcrative external beam radiotherapy for prostate cancer
patients (24).

PCS methodology has been described previously (23, 25,26). In
brief, the PCS surveys were extrainural audits that utilized a
stratified two-stage cluster sampling design. The PCS surveyors
consisted of 20 radiation onicologists 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 1 shows the patient characteristics of all 76 patients.
Postoperative radiotherapy was administered as an adjuvant therapy
(undétectable 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. : '

nPSA12 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 fajlure, 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

TO-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
220 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, Karnofsky performance status; PSA, prostate-specific antigen.

progression-free survival (PFES), biochemical relapse-free survival
(BRFES) 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 t-test, 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 antigen.

regression model (31). A probability Jevel 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 5-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 III), 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 II1. 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
64-65.9 3 2 (67%) 172 171
66-67.9
68-69.9 9 (100%) 0/0 9/9
70 11 11 (100%) 0/0 11711
Total 76 71 (93%) 28/30 (93%)  43/46 (93%)

Pts, Patients; LC, 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=045). 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 nPSAI12 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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Figure 2. Actuarial biochemical-free survival and local control curves
for 76 patients with prostate cancer treated with radiotherapy.

o

No. of patients
N w I
[~ =]

-
(=]

0.5< <1 1<
nPSA12 (ng/mt)

0< <0.5

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 <035 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 BRFS rates in
patients with low nPSA12 and those with high nPSA12 were
92.7% and 42.2%, respectively (p<0.0001) (Figurg 4). In
univariate analysis, nPSA12, pre-radiotherapy PSA, Karnofsky
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 prosiate cancer treated with
postoperative radiotherapy.

Univariate analysis

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

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

Therapy
Adjuvant 42 81.9% 0.6615
Salvage 34 71.3%

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
+ 14 750%

Pathological T stage
TO-2 62 100.0% 0.3445
T3-4 i1 712%

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
22 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
T0-2 62 100.0% 0.3445
T3-4 11 77.2%

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

Use of hormone therapy
Yes 57 75.1% 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
260 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)
20.5

KPS (%)
<80 2.156 (0.423-10.981)
>80

Pre-radiotherapy PSA (ng/ml) .
<2 2.107 (0.441-10.077)
22

Use of chemotherapy
Yes 0.471 (0.061-3.608)

No

0.0244

0.3552

0.3507

0.4685

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 PFS 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 expetienced 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 nPSA12. There were significant differences in PFS between
patients with a low nPSAI2 value (<0.5 ng/ml) and those with a high
nPSAI2 value (20.5 ng/mi).

in the adjuvant radiotherapy arm (5.4%) than in the observation
arm (15.4%) (11). Cozzarini ef 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
nPSA12 had a significantly lower BRFS 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 (20.5 ng/ml).

factor for BRES in patients with localized prostate cancer
treated with postoperative radiotherapy. Moreover, patients with
low nPSA12 levels had significantly higher PES 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 treated with postoperative radiotherapy.
Concerning previously untreated prostate cancer, Alcantara ef
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 ez 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 results
suggest that nPSA 12 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-radjotherapy PSA level,
surgical margins, PSADT and seminal vesicle invasion are
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Table V1. 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
20.5 20 35.9%

Therapy
Adjuvant 42 72.7% 0.1838
Salvage 34 69.8%

Surgical margin
- 3 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% 0.4793
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 17 573% 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 22 654%

Use of chemotherapy
Yes 11 45.5% 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 72.9% 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 VII. Multivariate analysis of various potential prognostic factors
for progression-free survival in patients with prostate cancer treated
with postoperaltive radiotherapy.

Multivarjate analysis

RR (95% CI) p-Value

nPSA12 (ng/ml)
<0.5 5.183 (0.326-82.512)
20.5

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)
22

Use of chemotherapy
Yes 0.174 (0.007-4.082)
No

0.2439

0.0928

0.1483

0.4094

0.2771

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

Table VIIL. 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-
radiotherapy 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 éalvage
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
recwrrence after radical prostatectomy (9).

Concerning the tinfing 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 BRFS, although muitivariate 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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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 2Ir 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 FTE,
64 FTE, 106 FTE, 1,634 FTE, 494 FTE, and 329, respectively. There were significant increases in the use of %1
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).
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Table 2 Region and number of radiation oricology facilities

. oz B =5
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Table 3 Number of radiation oncology facilities by annual patient load and category
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C(200~299 ) 1 3 10 38 33 20 115 16.0
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E(400~499.A\) 17 1 1 6 5 7 37 5.1
F(S00ALL L) 45 16 1 5 6 7 80 111
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HeERElA1%] 15.8 40 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
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EEXI2THIEL.

L7e. 72153 CHRER205,087T AN ST,

*ﬁ'ﬂi?ﬁ EEEHIIH21T58000A\ Th o7z, MEkEMkX
. HMEERHE TldTable 41 LIZIZEBOERE R L.

2005-’qf—kkl:l,, FICFOIRD) BEHOSEIIHT A HERD

WAt EnENn3.4%,

Table 5-1 {2,

3.7% & Ew,
WG L ERFAEHERLTY

FERRBIFBER TOSET B

ZEHR

b EFBERL(%)TRIZVOE, BEEDBS%T
Hols, WATEHDI6T% , Ll - HHED11.2%, FHED
108% & fe\va/e, MR EHOFHEZ BT LETFH TIE236.1
AT, BAE288.0A, JLiEE2756A, ITE224. 1A L HEW
7. Table 52 12, FIRICEMERERTRLTS. &F
BERI (%) DHEERBOERTH o7, HRFHESR
EHIIEEFH2844 N T, JbiEE365.0A, BAR3424A,
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Table 4-2  Annual number of total cancer patients (new+repeat) by patient load and category of radiation oncology facilities*

: MR X S (L) : S T4t

MERRAAE (KR Total (721) W 2E ﬁjﬁ ks g;}:z

U@114) G(29) N(65) P(208) 0(174) H(»131) 3
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(11s) 3,560 909 3,005 10,604 9,991 6,033° 34,102 16.6 296.5
D(73) 8374 1,800 1,258 7861 5,802 5472 30,567 149 4187
E(37) 8,829 502 480 2,984 2,647 3,997 19,439 95 5254
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
NEBEREE[%] 29.5 102 58 20.7 182 156 100
e EE 5312 7230 1817 2039 215.0 2437 284.4

2007 FE M ESHRE R B 7653k & ) L /G S OHEEE BB #921758,000 A,
‘EBER-FEEH s BREY ERERANIOERIL, FREM < 12CHECGRADES | 355
"R R E E R 100A B CRY o - 54 6.

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

Holg (FBERTIEED) AT HEER 8L HREEK : EFBEERI (%] MR AER
JeHEE () 30 8,268 49 275.6
#it(6) 59 12,043 7.1 204.1
B (8) , 198 57,015 335 288.0 -
B - JbBE(S) 50 : 10,750 6.3 215.0
HHE) 87 18,352 108 2109
W& (6) 127 28,460 16.7 224.1
AE(S) 54 10,858 6.4 201.1
MHE(4) 27 5,424 32 2009
Ut - AR (8) 89 19,059 11.2 214.1
£ (47) 721 170,229 100 236.1

20074E S IR IR B % T65 % & 3 L 7235 & DI 5T BE B #1875 1,000 A.

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

i (ERERFEED) TRATHERREK EBREH SEBEHI (%] MR FYERENR
Je#EE Q) 30 . 10,951 53 365.0
#it(6) 59 14,753 72 250.1
() 198 67,799 33.1 3424
{£8 - deke(s) 50 12,311 6.0 2462
HHE(4) 87 22,910 112 2633
8% (6) ‘ 127 33,789 165 266.1
R E(5) 54 13,132 6.4 2432
M (4) 27 6273 3.1 2323
UM - AR (8) 89 23,169 11.3 2603
£E 47 721 205,087 100 284.4

20074E T ARG R ESERERR IR 765 R & I L7235 S DR BE L - $521758,000A.

EE266.IN LRV 7z, HERFHEBERIE, 2005 LD 134, telecobalt 154 (BRE4), Gamma Knife®465TdH o
75%EIL TV, T TROBENENE o7 7z, Z?D9H, linactddual energyft% 5394 (66.8%) 12,

‘ 3DCRTHERER 5554 (68.8%)1, IMRTHERE%235% (29.1%)
3. £&ff ’ KAELTW. BREETRLE, A9ALTORET

Table 6 |, FEERFURBIOWGEHES L oML T LT i, ENENAT1%, 482%, 124% TdHo7:H%, F:500A
V5, 26 Tiilinac 8078, TomoTherapy® 9 &, microtron U EDERETIE, 753%, 86.7%, 584%\=HL Tz &
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Table 6 Number of equipments and their function by annual patient load of radiation oncology facilities

HE S L e A(183) B(233) c(115) D(73) E@B7) 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 1 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 70.2 165.8 283.4 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) 1(1) 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) (1) 9(7) 19(19) 24(23) 1707 57(56) 127(123)
Cs-137 RALS (actual use) 0(0) 1(0) 0(0) 220 o) (1) 4(3)
1,100
o 1,000
£ 800 —: 2007
t i
S 700
2 ]
& 600 ' 7
2 500 / Warning
= 400 level
2. 300 Blue Book
<C 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%.
LI T, IGRTHAEE 1085 (134%), CTRIEY AT A Ty 7D DFEETH 5250~300 N /EEBEL L &ED35%D
(CT on rail) %474 (5.8%), BEIEREY AT A%110E MR CTIBEL T I, 65%DIERRTIE, T
(13.6%)1F LTz D 300~399 ADHERE Tl pniEss & HRELL T OB 2 ST Wz (Fig. 1). EII4DKHET
2EBELED, FORBZTIIEHR T 28U EEL TV 3300 A B2 THREL TV, B EMR% TiE, HEE
1 BDlinac CRBEHTFI432 A2 BEL TV C 1200 EMEA00ANFBR B EEF 1 ADlinacTHEL Tz, &
~299 N D Tid2834A, D :300~399A T3BLIA% & D¥E & | TCyberKnife®15A, Novalis® 7 &, Synergy® 7
LT/ E:400~499 A Tid3448A, F:500ALLET £, Trilogy® 9 A, Oncor®4ANFEBAZIN Tz HFH
468N EBEL T/, £FTRALL, BEART V- i, ABHETIHLET 6 BRBL T/ MRIFRMEE
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Table 7 Number of treatment planning equipment and accessories by annual patient load of radiation oncology facilities

GRS A(183) B (233) c(11s) 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 ormore) 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 0 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) 421(66) 620(105) 209(35) 164(27) 402(54) 2,181(348)

365(61)

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

BUHREARE RS (BRI E BAR B/ T 2 814 (%))

A (133) B (181) C(86) D(52)  E(27) F (69) Total (548)

B : 5424 15,128 10,932 8,797 6,100 20,793 67,174

(1 FIERE, *41 2 P9ERAT) (62.6) (54.8) (48.6) (45.7) (49.0) (39.1) (46.8%)

] 1,884 7,023 6,732 5,946 3,530 16,074 41,189

(FExtrn 2 PERSY, 3 FIERAT) (21.8) (25.4) (29.9) (30.9) (28.3) (30.3) (28.7%)

B 1,352 5,450 4,835 4,516 2,827 16,259 35,239

(4 PILL Lo S, SEEDERAT, [E{AIRET) (15.6) (19.7) (21.5) (23.4) (22.7) (30.6) (24.5%)

, &8t 8,660 - 27,601 22,499 19,259 12,457 53,126 143,602

BTG RE B MAREA TH o - H6% © 173558,
(ERBH) 1°Co RALSOFE 216, [BE 4294 (545 4. AR

£), "I-RALSHM123%, “'Cs-RALSHS 3 A ThH o7, sk
BB LRI 5, C:200~299 A BLE DA & Vs Jie
2, linacDERREIITE L T, /IMNRIEBEEB DCLL
LOMRRTEMEN, I -RALSHF : S00ALLET 7
Bl P Y (N QRYAN

Table 712, FERCBBBIOEREDBRME R LT3,
EETEXMY I —% 456, CTVIab—¥ 4974,
IEHIGEENE T >~ ¥ 2 — 4 (RTP) 10708, HAHERES
HICT 3535, HUATHIASEERMRI 134, BEHRISEORSG
TOIAY Y 1—F FHIT640MEER, K7 7 b AMEH 7465
AﬁQ, dosemeter 21815 % & T&d o7z, W& # 4 ©CT
simulatorDRAEEF R L E, A QAL T OMETI348.6%
THo7d5, FiS00AL LD TIZ100%E LTz,
2005FIZHRTXRY I 2L — WAL, CT> 3 21—
%, RTP, JK77 ¥ b A, dosemeterASHEM L T Va7, '

Table 8 12, ARG E AL 2 OWE 4 ki
TRY. REAMERDI3MEED 7208, B/INAEHGRA L
AFVERERRFCIZEA (1 FIRRST, 37 2 PIBRST) T23.5% (A
%, F4), $HEGENR 2 PIBST, 3 PIERSE), MG PILL
oS, EHERS, FEBRH) T, FRENSS%, 150%
(A, FE)DEPBBE SN, 2005EI_T, B
MICBWTERILKL TV, LaL, 2hEhos
RTIIERMARA LT, WIS 2@ - 72,

Table 9 2, MERBENDBERE RS v 7HAERLTW
B, 1 BRRE) DEMBEER IS + BR)IZBIAAT
Holz. IASTROBEEZ(EEIZ4TIATH o7, EHD
IERBLERBIIL007A, FEB LD BEEXERNIL534
AThHolz, BMSHRGREEEHIE 2 RS L2l
T YNT =T H DA (EE+IEE ) I K ERTES L
8263ATHole. HEEBEELMEIRITI2L61TA, Bk
HUBMFTESIE1,634.1N, FHIESWEAHBEIT61A,
EFEWHEIFTEHIIGIN, HORSHRARELEEE S
BES26 N, B HRE R R EE B LFTERIZ105.6 A, I8
HLFEAR L1064, B M E B EFRTER 4944

A BEBDFHE6AN, EHRHMI2425ATH otz B
FRIERIENE | FTEY2 ) 0 BB AR, 2482(205,
087/8263) AT o722, (FEMEAATITEE 2 B ER)

5. $¥%iRE
Table 1012, —fREYSME IS LI OISR IEREFIEEL T
V5. BERBRSHE3,23561 (20054E 3,24681) DS172HE5%12 THF
bRTw /e, MEAERS RIIR S — FieEZ &) 133301
B1(20054F 2,77360) AS9THERI TITON, RIS — FibE
32,6008 (20054F 1,76561) 278MER IS TIT bR TV 7, &
B RR5T131,63360 (20054 1,7381) DR18SHEERIC T, #if i BaST
(325191 (20054 387%1) 254156 3% V2 C, & AL (BY) BB &4 12



S E RS R 20074 S A (45 1 ) ' 119

Table 9 Numbers of personnel and annual cancer patients by patient load of radiation oncology facilities

WROBELBE - AF v T7H A (183) B(233) c@15) D(73) E(37) - F(80)  Total (721)
M EEE R EE £99 100-199  200-299  300-399  400-499 500<
Msk e REr %] 254 323 16.0 10.1 5.1 11.1 100
ERFTRERE 10,836 32,698 27,973 24,817 16,020 57,885 170,229
1 FEER M- ) FHEMTTEEH 59.2 1403 2432 340.0 4330 723.6 236.1
EMEBERE 12,704 39,084 34,102 30,567 19,439 69,191 205,087
| FEER M- ) FHERBRBEH 69.4 167.7 296.5 4187 5254 864.9 284.4
ERAIRIREL 60,375 99,133 56,419 45,507 25,931 63,165 350,530
BOTHER R R MR B (FA (%)) 42(23.0)  63(27.0) 47(409) 45(61.6) 22(59.5) 62(775)  287(39.0)
g RERRE ‘ 1585 333.0 256.0 335.0 199.0 960.0 22415
W RHR R a8 (%) ) 03 03 0.5 0.7 0.8 L5 06
1 MEER 247 D BUATRRRHAREL 0.8 15 4.1 6.8 7.7 132 36
TR EHRR R A R M /- ) R 3.8 53 5.4 74 9.0 155 78 .

BEREMRESHEDZERBEEE1%]) 37(202) 86(36.9)  66(574) 52(712) 30(81.1)  73(91.3) 344(47.7)
HEREMEEERGDRBEH(EIA1%]) 38(20.8) 59(253)  24(209) 8(11.0) 4(10.8) 1(1.3) 137(18.6)

ARBSER(EE) 92 166 127 119 84 360 948
AEREMER(EE) 75 151 117 97 70 275 785
JASTROSE#(F#) 49 133 109 114 71 351 833
JASTROFEFEE H (FH) 19 69 65 71 49 204 477
1 fEE% 472 Y IASTROS B 0.3 0.6 09 16 2.1 44 12
HHGRESH RS (EE0%]) 110(454)  157(657)  91(817)  59(91.8)  31(97.3)  64(975)  511(709)
FYHFHELERE 111 180 131 126 87 372 1,007
1 Mgk 72 D B EABIENER 0.61 0.77 1.14 1.73 235 4.65 1.40
FENAEIAYEFTE $ 46.4 106.1 96.7 100.2 63.3 305.8 718.5
1 HERE 27 D B EREF I M EFTER 0.25 0.46 0.84 137 1.7 3.82 1.00
IR ENGERBERE 175 180 71 39 9 60 534
| FEEE /- ) SEEERARHE LR 0.96 0.77 . 0.62 0.53 024 0.75 0.74
R EENAEIESEFTER 32.3 314 13.6 7.6 2.8 20.1 107.8
1 MR/ b e ENAEE L EFTER 0.18 013 0.12 0.10 0.08 0.25 0.15
EEH (R E) HRIE S EFTER 78.7 137.5 1103 107.8 66.1 325.9 @
| iR M7 b S EREFIR M EFTER 0.43 0.59 0.96 148 1.79 4.07 115
B uER 203.0 398.1 308.0 302.0 293.0 794.0 2,298.1
IER B WE SRR 197.0 299.2 149.9 107.5 67.0 155.0 975.6
BRI SRR 500 723 410 277 166 541 2,617
B M EATFTESR 254.1 395.7 2513 182.6 124 426.4 1,634.1
BEESF R 29 62 33 32 21 84 261
EEYEBIFTER 6.2 155 S 6.6 6.4 242 63.9
BERSREESEEELRE 47 143 77 74 40 145 526
AR EAE E B LFTER 83 25.9 146 141 - 79 34.8 105.6
EHRERE R 22 40 38 30 7 66 203
HERlELFTES 3.9 6.7 76 49 1 174 415
FHTEENERE 52 66 55 48 17 64 302
FH TR LEFTER 9.5 11.5 10.8 15 2.5 9.4 512
FENARHE LR AR 171 287 182 139 81 204 1,064
R E EMPTER 52.8 98.4 742 684 476 153 494.4
EEMTFH 9.2 32.5 4 9 5 26.7 86.4
BEEH 20.1 482 434 343 23.5. 73 2425

2007 F IR ETHRIG R E IR 2 T65HERR L R L - S 0HEEFTBEEE - #18771,000A.
20074 ARG B E MR 2 2 765 R & HE L - B OMEEEBEL - #521778,000A.

" FTE(full time equivalent) : JB40BHIBUTAIAEEEEF I RBELEL-EEBN< /Y7 —,
"EAYy THBEICIIEENESTNA.

12,5541 (20054F 11,12261) A5186 56771 C, E AL (REER) R 4E 18441) 7% 4 FERRIC TIT b TVW 2. ZENFNFETHER O
. 5113:2,490%1 (20054 1,658%1) HS123MiE% 1= T, IMRTIZ2,799 S ETOE AL, 239%, 135%, 108%, 25.7%, 57%,
B1(20054E 755%1) 3585 3% 1= T, 1R 2B B AR 44 13340610 25.8%, 17.1%, 8.0%, 32%, 0.55% TdH o7z, MRHAET
(20054F 581650) AS23HEERIZ T, ScEIRF & 5131490 (2005 Rak, F:500 A\ EORERICE VA, £58E, TR
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Table 10 Special radiation therapy other than external irradiation

R 20074 20054 20034

TR & WA A(183) B(233) C(115) D(73) E(37) F(80) Total(721) | Total (712) Total (726)
R BB ST
2050 LA _E AT L 7o i gk 0 2 3 10 7 43 65 65 68
1~ 19BIRE1T L 7- MR 0 15 25 28 17 22 107 116 127
RHETTHEERE 183 216 87 35 13 15 549 531 531
HREBIE 0 145 292 509 461 1828 3,235 3,246 3,448
MR ST
105 L BT L - ek 0 3 5 9 8 38 63 36 26
1~9 BIHEAT L 7= Hask s 2 4 5 7 5 11 34 43 43
KRBT Y] 181 226 105 57 24 31 624 633 657
BRI 11 155 209 399 307 2,220 3,301 2,773 928
BIALIRa — FiE v
108U LT U 7= Bk 3 0 2 5 6 7 37 57 24 2
1~9 BUHEST L7 fERk 1 1 5 4 4 6 21 15 0
FKIEATHERR X 182 230 105 63 26 37 643 673 724
HEFI 7 119 195 276 223 1,870 2,690 1,765 40
Syt ' :
1080 B AT L Ao Ragk 5 2 4 9 8 40 68 65 62
1~9 BUREAT U7 MEsk B 9 19 20 26 18 25 117 126 115
FHATHER B 169 212 91 38 1. 15 536 521 549
HEFIH 121 21 171 264 248 808 1,633 1,738 1,646
Hrp AR ST
1081 LA E BT L 72 Mgk ® 0 0 0 2 1 3 6 9 15
1~9 FIREAT L 7= Bk 5 4 6 6 2 12 35 57 71
RIGATHERREL 178 229 109 65 34 65 680 646 640
GBI 10 8 13 61 18 141 251 387 549
SENL (B) BB &
2051 L ST L7 BEk B 8 13 17 14 12 23 87 82 82
1~ 19BUREAT L - hERR B 5 28 20 15 9 22 99 115 ©104
FHEATHERR I 170 192 78 44 16 35 535 515 540
BB 639 2,125 2,636 1990 1,613 3,551 12,554 11,122 12,610
SERL(R5ER) B4
2080 L EHEAT U MRk IR 2 2 2 7 3 17 33 25 7
1~ 195#AT U 7= HERR 2 19 17 9 14 29 90 67 63
FHEITHERREL 179 212 96 57 20 34 598 620 656
HEFIEK 151 211 275 316 235 1,302 2,490 1,658 © 838
IMRT
2081 L) BT L 72 hEER 1 3 7 1 2 18 32 13 8
1~196IHE1T L 7= haak % 2 4 2 4 4 10 26 20
FREATHERR X ’ 180 226 106 68 31 52 663 679 709
BB 79 164 574 191 132 1,659 2,799 755 370
B RS
2061 LA EiAT L 7o ERR 8 0 1 0 0 0 5 6 7 8
1~ 1960HE4T L 7= iR 3 1 1 6 4 ' 1 4 17 29 41
RHEATRERL 182 231 109 69 36 71 698 676 677
wENS® 1 29 45 15 2 248 340 581 587
Sr-90E R PG E :
2050 L L BEAT U 72 es% 0 0 0 0 0 1 1 2 2
1~ 19BIRETT L 72 ek 0 0 1 0 1 1 3 3 4
FHEATHERR IR 183 233 114 73 36 78 717 707 720
EE B 0 0 1 0 13 135 149 184 226
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$ =fIBESS IMRT, BAGHAMATE, ABEIN
T b T STV,

6. BEREFNBLIUN BHEBEEH

Table 1112, BREENFREHERL TS, S0EiLL
LCid, $LIE 36344B1(21.5%), HifE & - MREEE
32,967%1(19.5%), WRERRIEE 22,01361(13.0%), I 5,

BISZARAE 16,22581(9.6%), BRSEERIESS 16,56361(9.8%) H°%

Fehb, 15HmMT O/NBESIL1,05661(0.6%) ks <
7z, .
Table 1212, B LU BEBEREREERERIUCH
TEHEEERL TS, BEERIE21,23761(104%), BEH
1327,9706(13.6%) TH o7z, MEERBRETRLE, AT9A
LT, B:100~199A, C:200~29AT, BEEBOLEN
15~17% &, X hED» o7z 2005F I L~ CRAEERE R
DOEIT24% ML 7.

7. WISRIOMEHRARBEL, BRE, JASTROZBEEHR
Table 1312, ZRERFEMORSMGEBEES, M
JASTROZZEEHHR LT 5. AO1L,000A %7 h D
SHRGEF BEBILEFHTLIA(Q05E 120) TH o

Table 11  Annual number of new cancer patients by disease site”

FRER HwEEH (%)

Fih - BREIEE 9,706  (5.8)
SRS (RIRREEE &) 16563  (9.8)
EEE 10,169  (6.0)
Wi, & - HERES 32,967 (19.5)
b, B ‘ 29,185  (17.3)
LIz 36344  (21.5)
BF - BB - BEE 6432  (3.8)
BN 4N BRE 8622  (5.1)
BARHES 8213  (4.9)
TR RIES 22013 (13.0)
b, BIMIRE 16225  (9.6)
M) v REE : 8057 (48)
BiE - F-RKEEE 4570 27
O (ESER) 2320 (14)
BHEE : 2728  (1.6)
ISEUTONEFI( LR L EER) 1,056  (0.6)
CEI 168,704  (100)

*ERBBERSREAOHEN D o720, FrtHs
Table 4-1 DFBERDEETLEL > T 5,

7o HhIEEE, EEES RIE 18N, BER 1LIA B
B, BEUR LeALE L, WRE, BER 08N, £RE
09N EIEL, HUEEIBE IRz 1 MU D BT
SAOHBEEEFEHITAT00AN E 2o Tz, Mg
bIFEEED3I7H3,00A, EEED267H7,000N, FEED
25754,000A 20 5, KB 9 F3000A, ERENIOH
A, BHEEDI10752,000\ F TOENHE SN/, TASTRO
REEKEY 1 AR BIUE, 2 NZERE, EEE,
KGR, BRETHo7.

Z =B

Table 1412, BED 8 RDIASTROMEF LT — 00
FLOLESRIO007EFEDE 9 KMEDHER L DB ER
LTwa, BIED20054EFRAE DL L ¢, EINEH
RRMBET Lz, HEEFHBEFHII2005E X H11.7% ML
7z ZOEMEE, PARBEEINETHLE24%Q2ET
48%)D 2 FEU EDOERTHER L TVE L) TH5B. &6
BT T 5 &, KBEL"IZ X 5200548 L U010 DB
BHEEMEL YD, 2007 DD ARBEIZE2,502 N L HEES L
B2, FIhLEHENLENAT S HEEHR GRS
IRERIX26.1% & 721, 20059E324.5% & ¥ 1.6%EEIN L T 7z
(Fig. 2). ZEM & L CTlinacld5.5% L7z, ®CodeBEITISH
eI, PI-RALSEE IV TH o7z, EEIRST
WIBEEBIIRELYD, BEACHELTOWRL oDt
SEHEORSHRIEREERIIEML TEBY, FTERE T8263
ANy —%FLTEY, 67%EML Tz REE
Bud12%3EinL 7z, BUHIGRIE LA EUL, (ZLALH
ATWhdhol, XBYI2b—7114%EA L, CTY
Ia2L—213221%, BATRIBHRETE D >~ ¥a—51313.8%
WL BEHOEME EEIASTROBREE B DM
i, ZIFEETL T, BASHATNIZE TI320074101%
WIOFADFBENEEELFTHLFRLTVAD), &
iz TER-> T BESOREES OREELRE
b, ZRALICHE, BICRKBRERRO BB BIEINICERE -
MENLDEFNBROBEFHBEDO TV I EMPEESR
5, BERELT, BEREFESCEFYWELOD LI
F—FNR—AFBETERINL. BREAZ, PAEE
D50% LA EICHEHRIGEEL AR, REIRET A0S, K
SHEIEER &b L QIS EFWHEL OB R & MR T S5t %
PLETHE. VARREREOTIERZZITT, PABER
BERREBDE U TESRA MERSEDL Z L 2 8T 5.

Table 12 Annual number of total cancer patients (new-repeat) treated for brain metastasis and bone metastasis by patient load of radiation

oncology facilities

EBEY (BTRIERERERBCHT 5846 (%))

5% .
A(183) B (233) c(115) D (73) E(37) F (80) Total (721):
i 4 1,098(8.6) 4,625(11.8) 3,414(10.0) 4,059(13.3) 2,382(12.3) 5,659 (8.2) 21,237(10.4)
LA 2.211(17.4) 6,416(16.4) 5,294(15.5) 3,747(12.3) 2,382(12.6) 7,843(11.3)

27,970(13.6)
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Table 13 Number of patients, facilities, and certified personnel according to prefecture

HERT B4 AT BT EST EE R B R COHERRMZh O JASTRO
BA 1,000 (ADL,000AM- 088 (MM h AD, BAL: 1L,000A) HEBRETEYR DEEH

JbifgE 5,570 8,268(1.5) 30(186) 275.6 30
FHE 1,407 1,635(1.2) 10(141) 163.5 8
BEFR 1,364 1,637(1.2) 9(152) 1819 . 4
BRRE 2,347 3,643(1.6) 13(181) 2802 10
THE 1,121 1,687(1.5) v 11(102) 153.4 3
IiyiALS 1,198 1,328(1.1) 7(171) 189.7 5
Ei=1=1=3 2,067 2,113(1.0) 9(230) 2348 4
KRS 2,969 3,111(1.0) 16(186) 194.4 4
AR 2,014 . 2,594(1.3) 10(201) 259.4 7
HEER 2,016 3,490(1.7) 14(144) 2493 19
BEER 7,090 - 5,627(0.8) 19(373) 296.2 17
FEER 6,098 7,226(1.2) , : 24(254) 3011 24
HHER 12,758 22,846(1.8) 73(175) 3130 58
IR 8,880 11,100(1.3) 38(234) 292.1 30
HBR 2,405 3,399(1.4) 13(185) 261.5 6
Eilg 1,106 1,514(1.4) 8(138) 189.3 4
AINE 1,170 2,214(1.8) 8(146) 265.5 3
fEHE 816 839(1.0) 6(136) 139.8 4
JHE Y 877 1,021(1.2) 4(219) 2553 3
EFE 2,180 2,874(1.3) 15(145) 191.6 6
I B2 IR 2,104 2,403(1.1) 10(210) 2403 4
R 3,801 5,616(1.5) 27(141) 208.0 17
gyl 7,360 : 8,534(1.2) : 37(199) 230.6 14
—ER 1,876 1,799(1.0) - 13(144) 138.4 5
HER 1,396 1,623(1.2) 11(127) 1475 3
FARAF 2,635 3,773(1.4) 14(188) 269.5 14
KBRAF 8,812 12,153(1.4) 51(173) 2383 34
RER 5,580 7,724(1.4) 35(160) 220.7 25
ERIE 1,410 1,892(1.3) 7(201) 2703 7
FogkILE 1,019 1,295(1.3) ) 9(113) 1439 4
BEUR 600 965(1.6) 6(100) 160.8 1
ERE 731 804(1.1) 5(146) 160.8 6
LR 1,953 2,816(1.4) 11(178) ' 256.0 8
LBE 2,873 4,338(1.5) 18(160) 2410 18
g 1474 1,935(1.3) 14(105) 1382 5
ERE 800 1,079(1.3) 3(267) 359.7 2
HNE 1,006 1,143(1.1) - 6(168) 190.5 4
FIRIE 1,452 2,087(1.4) 12(121) 1739 7
=il 782 1,115(1.4) 6(130) 185.8 3
1R 5,056 7,528(1.5) 27(187) 278.8 22
EER 859 742(0.9) 4(215) 185.5 2
ElFE 1,453 1,951(1.3) 8(182) 2439 5
BEAIR 1,828 2,821(1.5) 14(131) 201.5 4
KB 1,203 1,655(1.4) 13(93) 1273 2
=7 1,143 1,138(1.0) 5(229) 2276 2
BREBE 1,730 2,091(1.2) 12(144) 1743 6
R 1,373 1,133(0.8) 6(229) : 188.8 4
&5 127,771 170,229(1.3) 721(177) 236.1 T4
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