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Table 4. Structure and personnel by PCS institutional stratification

Structure and personnel
Al A2 B1 B2 Total
(n = 66) (n=67) (n=290) (n = 289) p-value (n=TI12)
Institutions/total institutions (%) 93 94 40.7 40.6 100
Institutions with RT bed (n) 57 (864) 35(52.2) 127 (43.8) 68 (23.5) 287 (40.3)
Average RT beds/institution (n) 14.0 4.8 34 1.0 6
JASTRO-centified RO (full time) 181 62 139 EE) 426
Average JASTRO-cenified RO/institution (n) 2.7 0.9 0.5 0.2 <0.0001 0.6
Total (full-time and part-time) RO FTE* 200.9 95.55 258.77 129.24 774.46
Average FTE ROs/institution 441 1.43 0.89 0.45 <0.0001] 1.09
Patient load/FTE RO 188.7 224.1 3430 202.1 <0.0001 2468
Total RT* technologists I8B.6 176.3 637.7 4319 1634.5
Average technologists/institution () 59 2.6 22 1.5 <0.0001 23
Patient load/RT technologist 141.2 1215 139.2 60.5 <0.0001 117.0
Total nurses/assistants/clerks (n) 202.2 924 390,55 221.8 907
Full-time medical 51+ 101 8+7 39+7 19+6 117 +30.1
physicists + part-time (n)
Full-time RT QA staff + part-time 81 +0 31 +7 1025+ 3 423 +3 256.8 + 13

Abbreviations: JASTRO = Japanese Society of Therapeutic Radiation Oncology; RO = radiation oncologist; FTE = full-time equivalent (40
hiwk only for RT practice); QA = quality assurance: other abbreviations as in Table 2.

Data in parentheses are percentages.

significantly during the next 15 years, with respective
increases by factors of 2 and 2.6 compared with those in
1990 (3). However, the use rate of RT for new cancer patients
remained at 25%, less than one-half the ratio in the United
States and European countries. The anticancer law was
enacted in Japan 1o promote RT and education for ROs, as
well as medical physicists or other staff members. from April
2006. For the implementation of this law, comparative data of
the structure of radiation oncology in Japan and the United
States, as well as relevant PCS data, proved helpful. Because

the increase in the elderly population of developed countries
is the greatest in Japan, RT is expected to play an increasingly
important role.

Compared with 1990, the number of linear accelerator sys-
tems increased significantly by 2.3 times, and the percentage
of sysiems using telecobalt decreased 10 7%. Furthermore,
the functions of linear accelerators, such as dual energy.
three-dimensional conformal RT (multileaf collimator width
<| cmy), and IMRT improved. The number of high-dose-rate
RALS in use increased by 1.4 tmes and the use of
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Fig. 1. Percentage of institutions by patient load/full-time equivalent (FTE) staff of radiation oncologists (RO) in Japan.
White bars represent institutions with one or more FTE staff. and gray bars represent institutions with fewer than one FTE
radiation oncologist. Each bar represents interval of 50 patients/FTE radiation oncologist.
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“Co-RALS has largely been replaced by '"Ir-RALS. CT
simulators were installed in 55% of institutions nationwide,
and RT planning systems were used in 93%. for an increase
in the number of RT planning systems of 4.87 times. The
maturity of the functions of linear accelerator and greater pos-
session rates of CT simulators and systems using '** Ir-RALS
were closely related to the institutional stratification by PCS,
which could therefore aid in the accurate discrimination of
structural maturity and immaturity and the identification of
structural targets to be improved. The Japanese PCS group
published structural guidelines based on the PCS data (16).
and we plan 1o use this structural data for a new PCS to revise
the Japanese structural guidelines.

The staffing patterns in Japan also improved in terms of
numbers. However, the institutions that had fewer than one
FTE RO on their staff still accounted for >60% nationwide,
and this rate did not change during the 15 years from 1990
1o 2005, In Japan, most institutions still rely on parn-time
ROs. First, the number of cancer patients who require RT
is increasing more rapidly than the number of ROs. Second,
specialist fees for ROs in academic institutions are not recog-
nized by the Japanese medical care insurance system, which
is strictly controlled by the government. Most ROs must
therefore work part-time at affiliated hospitals in the Bl
and B2 groups 1o earn a living. Thus, to reduce the number
of institutions that rely on part-time ROs and might encounter

Table 5. Primary sites of cancer treatment with RT in 2005 by PCS institutional stratification for new patients

Al in=65) A2 in=6T7) Bl (n=285) B2 (n=1284) Total (n=701)

Primary site n % n % n % n L n %
Cerebrospinal 2.603 5.6 770 45 4431 6.4 795 16 8,599 5.6
Head and neck (including thyroid) 6,318 13.7 2372 139 6,033 8.7 1,650 7.5 16373 10,6
Esophagus 3.164 6.9 1,171 6.9 4,426 6.4 1,452 6.6 10,213 6.6
Lung, trachea. and mediastinum 7,069 15:3 2,639 155 14,946 21.5 5,386 24.6 30,40 194
Lung 5.469 11.8 2272 133 12917 18.6 4,734 216 25,392 164
Breast 8,945 19.4 3,049 179 14,148 204 4,119 18.8 30,261 19.6
Liver, biliary tract, pancreas 1,936 4.2 713 4.2 2,742 39 96l 4.4 6.355 4.1
Gastric, small intestine, colorectal 1,897 4.1 806 47 3,742 54 1,399 6.4 7,844 5.1
Gynecologic 3,253 7.0 1.156 6.8 3,405 4.9 855 39 8,669 5.6
Urogenital 5.544 120 2,043 120 8,068 1.6 2,905 13.3 18560 120
Prostate 4,290 93 1,385 8.1 5.627 8.1 1.916 8.8 13,218 8.6
Hematopoietic and lvmphatic 2,460 53 1,052 62 3624 52 904 4.1 8,040 5.2
SKin, bone, and soft tissue 1.607 is 749 44 1,830 2.6 1,018 4.6 524 34
Other (malignant) 705 1.5 235 1.4 822 1.2 313 1.4 2,075 1.3
Benign tumors 664 1.4 268 1.6 1,289 1.9 135 0.6 2.356 1.5
Pediatric <15 y (included in totals above) 435 0.9 123 0.7 187 0.3 302 1.4 1,047 0.7
Total 46,165 100 17,023 100 69,506 100 21,895 100 154,589" (100

Abbreviations as in Table 2.

*Number of 1otal number of new patients different with these data, because no data on primary sites were reported by some institutions,
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Table 6. Distribution of specific treatments and numbers of patients treated with these modalitics by PCS stratification of institutions

Al (n=66) A2 (n=67) Bl (n=290) B2 (n=289) Total (n=712)
Specific therapy n % n % n % n T r n %
Intracavitary RT (n) <0.0001
Treatmem facilines L1 924 n 55.2 T 245 12 42 181 254
Cases 1,670 527 974 75 3.246
Interstitial RT <0.0001
Treatment facilities 42 63.6 14 209 I8 6.2 5 1.7 79 1L
Cases 1.818 286 638 3l 2,773
Radioactive wdine therapy <0001
for prostate cancer
Treatment facilitics 25 319 6 9.0 7 24 1 03 39 55
Cases 1,166 152 430 17 1,765
Total body RT <0.0001
Treatment facilities 60 90.9 i6 537 78 269 17 5.9 191 268
Cases 706 237 687 108 1,738
Intraoperative RT <0.0001
Treatment facilines 23 348 12 17.9 20 1.0 11 38 66 93
Cases 212 39 11 25 387
Stereotactic brain RT =0.0001
Treatment facilities 46 69.7 3 46.3 91 34 29 10,0 197 217
Cases 1,680 482 8513 447 11,122
Stereotactic body RT <0.0001
Treatment facilities 31 50,0 14 209 36 124 11 s 92 129
Cases 482 263 679 234 1,658
IMRT <0.0001
Treatment facilities 16 242 4 6.0 12 4.1 1 0.3 33 4.6
Cases 426 67 212 50 755
Thermoradiotherapy 0.0004
Treatment facilities 10 15.2 4 6.0 15 52 7 24 36 5.1
Cases 339 27 134 81 581

Abbreviations: PCS = Patterns of Care Study: RT = radiotherapy; IMRT = intensity-modulated radiotherapy.

problems with their quality of care, a drastic reform of our
current medical care systems is required. However, great
care 1s needed to ensure that the long-term success of radia-
tion oncology in Japan and patient benefits are well balanced
with the costs. Even under the current conditions, however,
the number of FTE ROs increased by 2.1 times compared
with the number in 1990 (3). However, the patient load/
FTE RO also increased by 1.4 times 10 247 during the
same period. perhaps reflecting the growing popularity of
RT because of recent advances in technology and improve-
ment in clinical results. This caseload ratio in Japan has al-
ready exceeded the limit of the Blue Book guidelines of
200 patients/RO (15, 16). The percentage of distribution of
institutions by patient load/RO showed a slightly smaller dis-
tribution than that of the United States in 1989 (3). Therefore,
Japanese radiation oncology seems 1o be catching up quickly

with the western system despite limited resources. Further-
more, additional recruiting and education of ROs are now
top priorities of the JASTRO.

The distribution of patient load/RT technologists showed
that 13% of institutions met the narrow guideline range
(100-120/RT technologist), and the rest were densely distrib-
uted around the peak. Compared with the distribution in the
United States in 1989, >20% of institutions in Japan had a rel-
atively low caseload of 10-60 because a large number of
smaller B2-type institutions still accounted for nearly 40%
of nstitutions exceeding the range of the guidelines. As for
medical physicists, a similar analysis for patient load/FTE
staff was difficult. because the number was still small, and
they were working mainly in metropolitan areas. In Japan, ra-
diation technologists have been acting as medical physicists,
s0 that their education has been changed from 3 1o 4 years

Table 7. Brain metastasis or bone metastasis patients treated with RT in 2005 by PCS
institutional stratification

Patients
Metastasis Al (n=66) A2(n=67) Bl(n=290) B2(n=289) P Total (n=712)
Brain 2565(4.7) 1,204 (5.6) 9774 (110 L1778 (6.8) <0.0001 15321 (8.0)
Bone 6.243(11.4) 2.845(13.3) 13331 (1500 5.057(194) <00001 27476(14.4)

Data presented as number of patients, with percentages in parentheses.
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Horizontal bar shows average annual number of patients (new plus repeat) per 1,000 population of prefectures per quarter.

during the past decade and graduate and postgraduate courses
have been introduced. Currently, those who have obrained
amaster’s degree or radiation technologists with enough clin-
ical expenience can lake the examination for qualification as
a medical physicist, as can those with a master’s degree in
science or engineering, like those in the United States or
Europe. In Japan, a unique education system for medical
physicists might be developed because the anticancer law ac-
tively supports improvements in quality assurance/quality
control specialization for RT, However, the validity of this
education and training system remains unsatisfactory, be-
cause we are still in the trial-and-error stage.

The distribution of the primary site for RT showed that
more lung cancer patients were treated in B1 or B2 nonaca-
demic institutions and more head-and-neck cancer patients
were treated in Al or A2 academic institutions. These find-
ings might be because more curative patients were referred
to academic institutions and more palliative patients with
lung cancer were treated in nonacademic institution in Japan.
In addition, more patients with bone metastasis were treated
in nonacademic institutions. The use of specific treatments
and the number of patients treated with these modalities
were significantly affected by institutional stratification,
with more specific treatments performed at academic institu-
tions, These findings indicate that significant differences in
the patterns of care. as reflected in the structure, process,
and, possibly, outcomes for cancer patients still exist in Ja-

pan. These differences point 10 opportunities for improve-
ment. We, therefore, based the Japanese Blue Book
guidelines on this stratification by the PCS data (16) and
are now in preparing to revise them accordingly.

The geographic pattems demonstrated significant differ-
ences among the prefectures in the use of RT, ranging from
0.9 10 2.1 patients/1,000 population. Furthermore, the number
of JASTRO-certified physicians/population might be associ-
ated with the use of RT, so that a shortage of ROs or medical
physicisis on a regional basis will remain a major concem in Ja-
pan. The JASTRO has been making every effort to recruit and
educate ROs and medical physicists through public relations,
training courses, involvement in the national examination for
physicians, and seeking to increase the reimbursement by the
government-controlled insurance program, and other actions.

CONCLUSION

The Japanese structure of radiation oncology has clearly
improved durnng the past 15 years in terms of equipment
and its functions, although a shortage of manpower and
differences in maturity by type of institution and caseload
remain. Structural immaturity 1s an immediate target for im-
provement, and, for improvements in process and outcome,
the PCS or National Cancer Database, which are currently
operational and being closely examined, can be expected 10
play an important role in the future.
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: To analyze retrospectively the results of external beam radiotherapy for clinically localized hormone-
prostate cancer and investigate the clinical significance of nadir prostate-specific antigen (PSA) value
within 12 months (nPSA12) as an early estimate of clinical outcomes after radiotherapy.

Methods and Materials: Eighty-four patients with localized hormone-

cancer treated with

refractory prostate
were retrospectively reviewed. The total radiation doses ranged from 30 to 76 Gy

(median, 66 Gy), and the median follow-up period for all 84 patients was 26.9 months (range, 2.7-77.3 months).
Results: The 3-year actuarial overall survival, progression-free survival (PFS), and local control rates in all 84 pa-
Hents alter radiotherapy were 67%, 61%, and 93%, respectively. Although distant metastases and/or regional
lymph node metastases in 34 patients (40%) after radiotherapy, local was observed In
only 5 patients (6% ). Of all 84 patients, the median nPSA 12 in patients with clinical failure and in patients without
clinical failure was 3.1 ng/mL and 0.5 ng/mL, respectively. When dividing patients according to low (<0.5 ng/mL)
and high (=0.5 ng/mL) nPSA12 levels, the 3-year PFS rate in patients with low nPSA12 and In those with high
nPSA12 was 96% and 44 %, respectively (p < 0.0001). In univariate analysis, nPSA12 and pretreatment PSA value

had a significant impact on PFS, and in multivariate analysis nPSA 12 alone was an independent prognostic factor

for PFS after radiotherapy.

Conclusions: External beam radiotherapy had an excellent local control rate for clinically localized hormone-
refractory prostate cancer, and nPSA 12 was predictive of clinical outcomes after radiotherapy. © 2008 Elsevier
Inc.

Hormone-refractory, Prostate cancer, nPSA12, Radiotherapy, Prognostic factor.

INTRODUCTION

Androgen ablation is an effective treatment approach for

cancer and has been used as one of the primary treat-
ments for localized discase or palliative treatment for
systemic disease (1, 2). In Japan in particular, androgen abla-

tion has frequently been used because most Japanese patients
with prostate cancer have had high-risk disease and hormonal
therapy is frequently preferred as the primary therapy (3, 4).
Although almost all prostate cancers initially respond well to
hormonal therapy, the majority eventually lose their hormone
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Table 1. Patient characteristics

Age (y) (median, 73.3)
<75

51
275 3
KPS (%)
=80 45
>80 35
Unknown 4
T stage (1997 UICC)
TO-2 18
T34 56
N stage (1997 UICC)
NO 58

N1 10
Unknown 16

Pretreatment PSA (ng/mL)
Median (range) 9.7 (0.06-760.3)
<4 14

=4 62

Unknown 1
Gleason combined score

=6 5

=6 13

Unknown 66
Differentiation

Well/moderately 38

Poorly s1

Unknown 15

Abbreviations: KPS = Kamofsky performance status; UICC = In-
temational Union Against Cancer; PSA = prostate-specific antigen.

sensitivity and progress (5). In the absence of an effective
therapy for hormone-refractory prostale cancer, patients
will die within approximately 12—18 months after the diagno-
sis of hormone-refractory prostate cancer (6). Among these
patients, however, some will develop local progression with-
out systemic diseases. Although the optimal treatment ap-
proach for clinically localized hormone-refractory prostate
cancer has not yet been established, radiotherapy may be con-
sidered the treatment of choice to treat local progression with
curative intent or to release urinary obstructive symptoms as
a palliative treatment (7-9). However, little information ex-
ists on the efficacy of radiotherapy for localized hormone-re-
fractory disease. Moreover, there is also minimal information
regarding the clinically useful markers of recurrence risk for
localized hormone-refractory prostate cancer treated with ra-
diotherapy.

For patients with untreated prostate cancer, prostate-spe-
cific antigen (PSA) has been used as an important tool for
prostate cancer screening and as a marker for treatment re-
sponse and disease recurrence (10, 11). The PSA nadir
(nPSA) after radiotherapy has been shown to predict bio-
chemical failure (12, 13), distant metastases (14, 15),
cause-specific mortality (16, 17), and overall monality (17).
However, the nPSA usually takes several years to occur,
even as long as 8-10 years in some patients, and as a conse-
quence nPSA has linlle practical clinical value. It would be
ideal to identify a surrogate nPSA that describes the lowest
PSA value achieved during a well-defined, relatively short
interval after completion of radiotherapy. Recently, time-
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limited survey of PSA, such as nPSA value within 12 months
(nPSA12), has been reported to be an early predictor of bio-
chemical failure, distant metastases, and mortality that is in-
dependent of radiotherapy dose and other determinants of
outcome after radiotherapy for previously untreated localized
prostate cancer (10, 11).

Because nPSA 12 has been shown to be a useful predictor
of treatment outcome for untreated localized prostate cancer
treated with radical radiotherapy, we hypothesized that
nPSA 12 may also have potential applications in the monitor-
ing of localized hormone-refractory prostate cancer treated
with radiotherapy. In the present study we analyzed the treat-
ment results of external beam radiotherapy for localized hor-
mone-refractory prostate cancer. Next, we examined the
nPSAI2 in patients with hormone-refractory prostate cancer
treated with radiotherapy and investigated whether nPSA12
could be a prognostic factor of clinical outcomes for these
patients.

METHODS AND MATERIALS

We used detailed data from patients with clinically localized hor-
mone-refractory 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 anempt to obtain data on the national standards of ra-
diotherapy for several diseases, including prostate cancer (18). The
Japanese PCS Working Subgroup of Prostate Cancer initiated a na-
tionwide process survey for patients who underwent radi
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 extemal beam radiotherapy for prostate cancer
patients (19-24).

The PCS methodology has been described previously (18, 25,
26). In brief, the PCS surveys were extramural audits that used
a stratified two-stage cluster sampling design. The PCS surveyors
consisted of 20 radiation oncologists from academic institutions,
and one radiation oncologist collecied data by reviewing patients”
charts from each institution. Patients with a diagnosis of adenocar-
cinoma of the prostate were cligible for inclusion in the present
study unless they had one or more of the following: evidence of
distant metastasis, concurrent or prior diagnosis of any other malig-
nancy, or prior radiotherapy. The PCS data used in the present
study are from two Japanese national surveys conducted 10 evalu-
ale prostale cancer patients treated with radiotherapy in the 1996—
1998 and 1999-2001 PCS surveys. Of the 839 patients constituting
the 1996-1998 and 1999-2001 PCS survey populations, a total of
154 patients with regionally localized hormone-refractory prostate
cancer were identified. Of these, 70 patients with insufficient
nPSA12 data were excluded; a total of 84 patients with measurable
nPSA12 were subjected to this analysis. The disease characteristics
of these B4 patients, such as tumor stage and pretreatment PSA
levels, were not significantly different compared with those of
the 70 patients having insufficient data for nPSA12. All 84 patients
received androgen ablation alone initially, followed by radiother-
apy for local or biological progression in the absence of distant
metastases.

Table 1 shows the patient characteristics for all B4 patients. Most g1
patients had advanced disease at initial reatment. Pretreatment PSA
value was defined as the PSA value before initial h |
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Table 2. Treatment characteristics

Treatinent n (%)
Hormonal therapy
Orchiectomy 19 (12)
Estrogen agent 24 (28)
LHRH agonist 78 (92)
Antiandrogen 60 (71)
Chemotherapy
Yes 23 @1
No 58 (69)
Unknown 34
Radiotherapy
Radiation field
WP plus boast 34 (40)
Prostate only 50 (60)
Total radiation dose (Gy)
<60 12 (14)
>60 72 (86)
CT-based treatment planning
Yes 17 (20)
No 49 (59)
Unknown 18 (21)
Conformal therapy
Yes 232N
No 44 (53)
Unknown 17 (20)

Abbreviations: LHRH = luteinizing hormone-releasing hormone;
WP = whole pelvis.

treatment, and preradiotherapy PSA value was defined as the PSA
value just before radiotherapy.

Methods of meatment are shown in Table 2. Hormonal therapy
was administered alone or in combination with orchiectomy, estro-
gen agent, luteinizing hormone-releasing hormone agonist, or anti-
androgen. The median duration of hormonal thermapy before
radiotherapy was 34.4 months (range, 0.2-164.8 months). Regard-
ing chemotherapy, 23 patients (28%) were also treated with chemo-
therapy, such as estramustine and 5-fluorouracil, bul no patients
received docetaxel or paclitaxel-containing chemotherapy.

Regarding radiotherapy, most of the patients were treated with
=10 MYV linear accelerator and also treated with four or more por-
tals. The median mdiation dose delivered to the prostale was 66 Gy
(range, 30-76 Gy), and the median dose per fraction was 2.0 Gy
(range, 1.5-3.0 Gy). In the present study there were no definitive
treatment policies for prostate cancer, and radi-
ation field was determined by the respective physicians at each insti-
tution. Thirty-four patients (40%) received treatment to the pelvic
nodes in addition to prostate, and the remaining 50 patients (60%)
received imadiation only to the prostate. Regarding lymph node
status, 8 of 10 patients (80%) with clinically positive lymph nodes
received treatment 10 the pelvic nodes in addition to prostate.

The nPSA 12 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
(range, 1-12) in all 84 patients. Median follow-up of all patients
was 26.9 months (range, 2.7-77.3 months), and all patients without
clinical failure had at least | year of follow-up. Patients were cate-
gorized as having progression afier radiotherapy if they developed
local, pelvic nodal, or distant failure.

Statistical analyses were performed using the Statistical Analysis
System (SAS Institute, Tokyo, Japan) at the PCS statistical center
(27). Overall and progression-free survival (PFS) rates were calcu-

= Owernll survival
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Fig. 1. Actuarial overall survival curves for 84 patients with clini-
cally localized hormone-refractory prostate cancer treated with
radiotherapy (RT).

lated actarially according to the Kaplan-Meier method (28) and
were measured from the start of radiotherapy. Differences between
groups were estimated using the x” test, the Student’s 1 test, and the
log-rank test (29). Multivariate analysis was performed using the
Cox regression model (30). 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

(3n).

RESULTS

Of 84 patients, 27 (32%) died during the period of this
analysis. Of these 27 patients, 24 died of prostate cancer,
and the remaining 3 died without any sign of clinical recur-
rence (2 died of intercurrent disease, | died of unknown
cause). The 3-year actuarial overall survival rate for all 84 pa-
tients was 67% (Fig. 1). With regard to the site of recurrence,
37 patients had clinical failure (local only in 3 patients, local
with regional in 1 patient, local with distant metastases in |
patient, regional in 3 patients, distant metastases in 24 pa-
tients, and regional and distani metastases in 5 patients).
The 3-year actuarial PFS and local control rates in all 84 pa-
tients after radiotherapy were 61% and 93%, respectively
(Figs. 2 and 3). Although distant metastases and/or regional
lymph node metastases were seen in 34 patients (40%), local
progression was observed in only 5 patients (6%), including 2
patients with simultaneous regional/distant metastases. The
1otal dose and radiation field treated were tested for correla-
tion with local control (Table 3). Ten of 12 patients (83%)
treated with <60 Gy achieved local control, whereas 54 of
55 patients (98%) treated with 266 Gy achieved local control
(p = 0.024). Thirty-three of 34 patients (97%) treated with
whole-pelvis irradiation with boost and 46 of 50 patients
(92%) treated with local-field irmadiation achicved local con-
wol; this difference was not statistically significant (p =0.34).
Table 4 indicates regional control according to N stage and
radiation field. Twenty-eight of 34 patients (82%) treated
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Fig. 2. Acmarial progression-free survival and local control curves
for 84 patients with clinically localized hormone-refractory prostale
cancer treated with radiotherapy (RT).

with whole-pelvis irradiation with boost and 47 of 50 patients
(94%) treated with local-field irradiation achieved regional
control; this difference was not statistically significant (p =
0.09).

Of all 84 patients, the median nPSA12 in patients with
clinical failure afier radiotherapy and in those without clinical
failure was 3.10 ng/mL (range, 0.36-1400 ng/mL) and 0.50
ng/mL (range, 0-50.39 ng/mL), respectively. Figure 4 shows
the distribution of nPSA12 according to the achievement of
clinical control. More than half of patients with clinical con-
trol (27 of 52 patients, 52%) had nPSA12 of <0.5 ng/mL,
whereas only 1 of 32 patients (3%) with clinical failure had
nPSA of <0.5 ng/mL (p < 0.0001). For the 27 patients who
achieved an nPSA12 <0.5 ng/mL and who did not experience
clinical failure, the median time from the completion of ra-
diotherapy to achievement of nPSA12 <0.5 ng/mL was 6.4
months (range, 0.07-11.7 months).

-

A i .

05 <1 1= <2
nPSAI2 (ng/mbD

M
0< <08

Fig. 3. Distribution of nPSA 12 according to clinical control. More
than half of patients with clinical control had a prostate-specific
antigen nadir at 12 months (nPSA12) <0.5 ng/mlL, whereas only |
of 32 patients who experienced clinical failure had an nPSAI2
<0.5 ng/mL.

Volume B, Number [, 2008
Table 3. Local control according to radiation dose and field
Incidence of LC
Patients with LC WP+ B Local

Total dose (Gy) n

<60 10 (83) 5/5 s/
60-<62 15 (100} 10/10 5/5
62<64 0 0 02
64—<66 2 1/1 11
H6—<68 16 (94) /] 99
68—<70 14 (100) mn 1212
=70 22 (100) 83 14/14
Total 79 (94) 33/34 (97) 46/50 (92)

Abbreviarions: LC = local cantrol; WP = whole pelvis; B = boost.
Values in parentheses arc percentages.

In the present study, patients with nPSA12 <0.5 ng/mL
were assigned to the low nPSAI2 group (n = 28), whereas
those with nPSA12 =0.5 ng/mL were assigned to the high
nPSA12 group (n = 56). The 3-year actuarial PFS rate in pa-
tients with high nPSA12 and in patients with low nPSA12
was 96.4% and 43.9%, respectively (Fig. 5). The difference
between these two groups was statistically significant (p <
0.0001). In a univariate analysis, nPSA12 and pretreatment
PSA value had a statistically significant impact on PFS (Ta-
ble 5). No significant differences in PFS were seen with re-
spect to other factors. In a multivariate analysis, nPSA12
alone was a significant prognostic factor for PFS (Table 6).

Late morbidity of RTOG Grade 2-3 was observed in 11
patients (13%). A total of 8 patients experienced late rectal
toxicity, 3 patients had late urinary toxicity, and 1 patient
had multiple late rectal and urinary toxicities (Grade 3 rectal
stricture, Grade 2 incontinence, and Grade 2 urethral stric-
rure). There were no cases of Grade 4 toxicity (Table 7).
Regarding 7 patients who had Grade 3 late complications,
CT-based treatment planning was done in only 1 patient
(14%), and conformal therapy was supplemented in 2 pa-
tients (29%).

DISCUSSION

The present study indicated that external beam radiother-
apy had an excellent local control rate for clinically localized
hormone-refractory prostate cancer. Several reports have also
indicated that radical radiotherapy had an excellent local con-
trol rate for these tumors (20, 32). Akimoto et al. (32) treated

Table 4. Regional control according to N stage and radiation
field

Incidence of LC
N stage n Patients with LC WP + B Local
NO 74 68 (92) 23126 45/48

NI 10 7 (70) 5 2
Total 84 75 (89) 28/34 (82)  47/50 (94)

Abbreviations as in Table 3.
Values in parentheses are perceniages.
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Fig. 4. Actuarial progression-free survival (PFS) curves according
10 the level of prosiate-specific antigen nadir at 12 months
(nPSA12). There were significant differences in PFS between pa-
tients with a low nPSA12 (<0.5 ng/mL) and those with a high
nPSA12 (0.5 ng/mL).

53 patients with localized hormone-refractory prostate cancer
with external beam radiotherapy, and only 2 patients (4%)
had local failure as the first site of recurrence (32). Similarly,
served in only 1.6% of patients with hormone-refractory
prostate cancer when treated with radiotherapy (20). In the
present study, only 5 of 84 patients (6%) developed local fail-
ure after radiotherapy. These results indicate that external
beam radiotherapy is effective in preventing local recurrence
of these umors.

Although the dose-response relationship in patients who
undergo irradiation for localized hormone-refractory prostate
cancer has not yet been clearly established, higher doses with
curative intent can result in fairly prolonged survival in some
patients. Furuya er al. (B) treated 11 patients with local pro-
gression by extemal radiotherapy at a dose of 50-66.6 Gy,
and no patients suffered from local progression. Lankford
et al. (9) examined 29 patients with localized hormone-re-
fractory prostate cancer treated with radiotherapy and
showed that the 3-year local control rate after irradiation of
>60 Gy was 90%, compared with only 29% for those receiv-
ing =60 Gy. In the present study, the 3-year local control in
84 patients treated with a median dose of 66 Gy was 93%, and
52 of 53 patients (98%) treated with =66 Gy achieved local
control. Therefore, radiation doses of =66 Gy seem 1o be ap-
propriate for localized hormone-refractory prostate cancer
patients when treated with external beam radiotherapy. How-
ever, it is important to note that in the present study almost all
patients who had Grade 3 late complications were treated
without CT-based treatment planning and/or conformal ther-
apy. Therefore, CT-based treatment planning and/or confor-
mal therapy should be required to reduce late complications.
Conceming radiation field, we did not find significant differ-
ences in both local and regional control between patients
treated with whole-pelvis imadiation with boost and localized

Table 5. Ummlymufvmpoumllpmm:

Univari
Variable n 3-y PFS (%) P
nPSAl2 (ng/mL) 0.0029+
<0.5 28 96
=05 56 44
Precrearment PSA (ng/mL) 0.0260*
<S5 19 93
=5 62 47
N stage 0.0737
NO 58 67
NI 10 50
Preradiotherapy PSA (ng/mL) 0.0997
<4 14 86
=4 69 57
Asn U) 0.1102
51 54
275 33 74
Differentiation 0.1398
Well/moderately 38 51
Poor 3 70
KPS (%) 0.4603
=80 45 60
>80 35 62
Pelvic imadiati o
Yes 34 60
No 50 63
T stage 0.6886
TO-2 18 60
T34 56 63
Total radiation dose (Gy) 0.6939
<60 12 53
=60 n 62
Use of chemotherapy 0.7089
Yes 23 64
No 58 62
Gleason combined score 0.9972
=6 5 100
>6 13 69

Abbreviarion: PFS = progression-free survival; nPSA12 = pros-
tate-specific antigen nadir within 12 months. Other abbreviations
as in Table 1.

* p <0.05.

field only. Therefore, localized filed irradiation may be suffi-
cient in this patient population. Further studies are required 1o
determine whether localized field irradiation can be sufficient
for these patients.

The present study also indicated that patients with a high
nPSAI12 had a significantly lower PFS rate than patients
with a low nPSA12. Moreover, nPSA 12 was an independent
prognostic factor for PFS in patients with localized hormone-
refractory prostate cancer treated with radiotherapy. To our
knowledge, this is the first repont (o demonstrate the utility
of nPSAI12 in determining prognosis in patients with local-
ized hormone-refractory prostate cancer treated with radio-
therapy. Conceming previously untreated prostate cancer,
Alcabtare e al. (10) indicate that nPSAI2 is independent
of radiation dose, T stage, Gleason score, pretreatment initial

FLA 5.0 DTD B robl 7653 m 6 November 2008 M 12:54 pm W cc 28




L 1. Radiation Oncology @ Biology ® Physics

Table 6. Multivariate analysis of potential prognostic factors
for PFS in patients with hormone-refractory prostate cancer
treated with extemal beam radiotherapy

Variable RR (95% CI) P

nPSA12 10.965 0.0202+
(<0.5 vs, =0.5 ng/mL) (1.454-82.671)

Pretreatment PSA 6.489
(<5 vs. =5 ng/mlL) (0.854-49.430)

Abbreviations: RR = relative risk; CI = confid
abbreviations as in Tables | and 5.
* p <0.05.

0.0706

¢ interval. Other

PSA value, age, and PSA doubling time, and dichotomized
nPSA12 (=2 vs. >2 ng/mL) was independently related to dis-
tant metastases and cause-specific montality. Ray et al. (11)
indicated that patients with nPSA12 =2.0 ng/mL had signif-
icantly higher 8-year PSA failure-free survival and overall
survival rates than patients with nPSA12 >2.0 ng/mL, and
nPSA12 was an independent prognostic factor for prostate
cancer patients treated with radiotherapy alone. These results
suggest that nPSA12 may be a useful marker for localized
hormone-refractory prostate cancer patients treated with ra-
diotherapy, as well as for patients with previously untreated
prostate cancer treated with radiotherapy. Because nearly
all of the patients in the present study achieved local control,
nPSA12 levels may largely reflect the recurrence risk for both
regional and distant metastases.

Several previous smudies have suggested other potential fac-
tors associated with the risk of prostate cancer recurrence, such
as preradiotherapy PSA value, PSA doubling time, and Glea-
son score (9, 32, 33). Our results indicated that pretreatment
PSA value has a significant impact on PFS, although multivar-
jate analyses failed to confirm the significance (Table 4).
Further studies are required to evaluate the influence of addi-
tional factors, such as pretreatment PSA value, on clinical out-
comes for localized hormone-refractory patients treated with
radiotherapy.

Patients with hormone-refractory prostate cancer generally
have poor prognoses, even if the disease is regionally local-
ized. The most common cause of failure in patients treated
with radiotherapy is distant metastases (9, 20, 32). Akimoto
ef al. (32) indicated that 15 of 53 patients (28%) showed

Volume W, Number W, 2008

Table 7. Late complications (n = 84)

Toxicity grade
i Total dose (Gy)
3 (Grade 3)

3 60-71*
0 66

1
2 50

* Median total dose, 70 Gy.

locoregional and/or distant metastases; the sites of the first re-
currence were bone metastasis in 10, lymph node in 3, and
local failure in 2 patients (32). Lankford er al. (9) demon-
strated that there were 6 local and 14 regional or distant fail-
ures after locoregional radiotherapy in 29 patients with
localized hormone-refractory prostate cancer, with a 4-year
survival rate of 39%. In the present study, 34 of 84 patients
(40%) developed distant metastases with or without local/re-
gional recurrence after radiotherapy. Therefore, new treat-

ment approaches for preventing distant metastases should
be explored. Recently, a survival benefit of treatment with
docetaxel-containing chemotherapy for patients with ad-
vanced prostale cancer was demonstrated in two large Phase
I clinical trials (34, 35). Therefore, optimal adjuvant chemo-
therapy combined with radiotherapy may be a treatment of
choice for high-risk patients.

In conclusion, our results indicated that external beam ra-
diotherapy had an excellent local control rate for localized
hormone-refractory prostate cancer and should be considered
the treatment of choice for these umors. Our results also in-
dicate that nPSA 12 is an early predictor of clinical failure that
is independent of radiotherapy dose and other determinants
of outcome after radiotherapy for patients with localized hor-
mone-refractory prostate cancer, Because the majority of
clinical failures are distant metastases, nPSA 12 could poten-
tially help identify patients at high risk who might benefit
from earlier application of adjuvant systemic therapy. How-
ever, this study is a retrospective study with various treatment
modalities, and further prospective studies are required to
confirm our results.
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DRz, P 2H 06 Biologist EBMEETEY,
ERDLTwSERBLNMLLAZV,

%{E Stanford &40 Dosimetry Training Tool (DTT)”:
AAEENMIBEO L~ icEE L, BRLZTA
B olzv, FE2ZACKXEOEEMATHFLAR
L7z, Stanford K#¥Tit4 % —2 v e LAHT
Y—NTH5DTT £8ra8h-(F4). £M 1000 ¥
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FATON) X217 L(ELHRRE)"

*E
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1)__Core topics

Radiation Physics and Dosimetry
Health Physics/Radiation Safsty
Radiation Biology

Anatomy and Physiology
Computational Skills

Professional Ethics/Conflicts of
Interest/Scientific Miscondut
Statistical Methods in Medical Science
Safety : Electrical/Chemical/Biological/
Elementary Radiation

2) Imaging Science

Conventional Planar Imaging

Digital X—ray Imaging and Computed
Tomograpy

Ultrasound Imaging

Magnetic Resonance Imaging
Nuclear Medicine

3) Radiation Therapy

Radiation Oncology

External Beam Radiation Therapy

Special Technique in Radiotherapy
Radiation Therapy with Neutrons,
Protons & Heavy lons

Radiation Protection in Radiotherapy

i ysics, Introduction
Medical Electronics Engineering
Clinical Pharmacology
System Control Engineering
Allied Health Sciences, Introduction
Maedical Sociology
Biochemistry
_Radiochemistry and Radiopharmacology
Biomedical Optics

Radiation Biology

Radiology, Introduction, Physiology
Imaging Anatomy

Medical Ethics/Law/Economics

Radiation Safety Control

Medical Imaging
Radiographic Image Theory
Image Information Science
Nuclear Magnetic Resonance
Nuclear Medicine

Radiation Oncology I, I
Radiotherapy Physics 1, I
High Precision Radiotherapy, DTT

Biomedical Molecular Engineering
Medical Instrument Control
Medical Instrument Engineering
Related Regulations

Imaging Techniques

Electric Engineering

MNursing

Cardiovascular Technology
Medical Informatics
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EHOZWHE VM5 ILEEZE, LYFy I Tusy
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WE+FEETREREMCL - THERTORRER
B3 LEN S, EXDETONE. FHRERM, &
ETOEROBHLYSHE0T, BEICS--MERMT
EhiZRV,

BR#Ef 72 By

BEATLARIRLTNIDVETHERCES

Vol.54 No.10 (20088 10R#)
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sion + Panels) 76 @ 9 % Medical Physics M8 {x 11
(144 %) » 5. TOMMIE, RTP 1. Brachy 1. SRS
1. IMRT 2. IGRT 5. Particle 1 T&% %, ZDOHE
PRE. KEOEEXWEL BN EEVTWELTE
RBELTWS, —#, HETIE, NEHFMR. IGRT.
ATC, QA/QC., ®¥FA o3I al—3 ¥, Bio-
logical targeting, BFIWH. NFREETHBT A 7
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% 4 3 Stanford X% Dosimetry Training Tool (OTT) DX
ma"

Fundamental of Cancer Management
Anatomy for Medical Dosimetrist
Radiobiology for Medical Dosimetrist
Fundamentals of Radiation Safety

Physics Fundamentals for Radiation Therapy
Production of Teletherapy Radiation

High=Dose—Brachytherapy

Introduction 1o Radiotherapy by Permanent Seed Implants
Treatment Planning for Sterectactic Radiosurgery
Treatment Planning for Intensity—Modulated Radiotherapy
Dosimetric Quality Assurance for Radiation Oncology
Professional Issues for Medical Dosimetrists

Math Skills
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FRELINVRECTIONEEWHLTHE, 3FD
F—AT—IHLAT, F— 7 CEITTRENICE
HELTELZH2ONEXDELTHE, Chib bl
HRERSBTIMELTWMALZ LoERIZKE Y,
PERDER L BREAHREMO 15 1 OMBTIZET
RESE LD, MIC—FICHRIE L) LT,
3EAMU L THECHRES L, HOMBTEDIL,
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Topics

4. PCS (Patterns of Care Study)
iC & % HRBIDBUH B ia D

FE B&°
B7 PCS fE¥#=
(BEFHBEL AMRRBIKRZST@®HAM 8-27, 29, 10-17, 14-6, 18-4)

BESEMEZENCET05 (&R AR) PERASOEBTAROSGDY, PANRBEREDBNEIRE
EBT, BRSEHONTS, TNoZERENICAE - #HTDHHESE LT PCS (Patterns of Care Study)
P#HS. 1996 FCHEHWBESAMRDWMBLKE PCSOZEEZBTHALL. BRARICLIONE AR
BRCWMECEZERLIC. MHRSMORREMBAREKBLOEBDELICERT D,

LI

PCS (Patterns of Care Study) R¥EICTHES
htBHBREROBRORRE IO /S LTH
37, HETRERXBNERRLRLTL 3, X
FAY, DIFEHOEREB (=EMOT EHVOZ
WAL T 5. SEMCHENCTS. BRORE
{2 Donabedian DEORBEETFVICH B L H i, M
structure, W& process, &% outcome ® 3 BRI
LoTHMRENG. BAGEAP \REE&L. BEQ
BEREPHERITALZTT, BREBEFOLEFEPH
fERREETHS [+ahBMrdb0, ELL{BRE
TR, BOERERVBLIE) L IERBICHE
<& PCSTRENM-O3BEREEZATE=X
L, HEMHESWL, MEREZREL TUB/OLD

* Teruki Teshima KBAEAFREFRARHNEADELFIRE 88

DOlfiEDIF5, BONAEMETALI BRELESD
3 L THEBEESFCOVTOLELRENLET—
AEWPrc2EEMOLY—-EB A S, 1996 i
EEH5MEATNRRS & KE PCS /v—70%
BEBTVEALL. KWMTIX, M5 PCST—24
b6 LY EORNREMOIAR & MHE A % kE PCS
F=RAELOHBOLEICERT S,

[. PCS D%*

BEHREROBRRORERGE T 5 DI LRESEER
EE_ALOWTEILVRETHE, AELERIC
DVTREMEMORRAT L REHICMRE I LS
EMotioM, ZHE (BF)AAFCLE>TRAOMHLE
ZOTHMET S, PCSTRUTOFHRTHELZED
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nlm 1995 2000 2005 2010 2015 (#F)
o JASTROMANE
! PCS(Pattarns of Care Study) S ERE

E1 PCS&EJASTROMENEICL DBEMMES
&S F M@ STIC PCS T HRE
MM RAMEET I HMNBERES®R 10 FET2/HUE
MY 3 L MESHS (R KA A ENABE
OMGES0%RRINIERRETSE 26 CBMTH
mHFMEHS (BER) .
(xm1, 2, 4L9351R)

32, QRURBERGEELOEZRAL, T2 ER
HHYRBEEATVESER . AW, FEIE, fUEMN,
Bifl, MRELrNRLT . Q@ ARETOMEN
W REOHNAFF4 ONELBHTE2IAKXHE
AHELTCaYYa—X{k7—£~<—ZX DB #MH%ET
2, @MWiEi 2 EEIcTbh TV 5 HABNMMMNFE
£ (JASTRO) MM EMERRLAAT2. O &
R TOBRRENORE, BRICENFEVTHET
3, MRERGEECERL- 4B (Al KER
B/ AL Z—THEM430 MLLLEM, A2 FX
#%, Bl : zofhoEAIMHEE 130 ALl E, B2 : @&
i) »oHMEAMML, TORROBSFREOENIC
OVTELHERFERAMEEZT (2BEZFAZY Y
V)2, DB EAVABEEEANMILTETHR
SR EE e WL TR E audit 2175, £H
700 EMOBHBERERYH L, 205681 0T
b3 70~ B0EREHMET S, ® HWMT— X CHEH
MEZH I TEREBOSAXNEHOEZEOFSMA
national average # R 5. ChirEME L TEER
DF—REHETE, BROBOERMELTHCT
%,

®1 BXROBHRAMOME LR

H#% XE
AT 2005 2004
A (x109 127.7 293.9
PR 735 2,010
FRBEN #1 162,000 | 700,000
BABE~OERAE | ¥ 25% 60%
R MEE 776 FTE | #14.,000
E¥pEL 115 #14,000

FTE ; full time equivalent (M 40 FMEMRE
BUERF=RWP~ 1 U=%7T.)
(k4 X 931

RELTIC4ROPCS 2fToT &K (BH1), BE
HWELAHEBREDO X %8T 1992 ~ 1994
£ (PCS92-94), 1995 ~ 1997 & (PCS95-97),
1999 ~ 2001 # (PCS99-01), 2003 ~ 2005 4
(PCS03-05) EMEMEL T2 A 2001 FE &
2003 EKH¥XPCS 7—2 a2y 7V MML, Lk
b BXMOMBERE{To TV S,

II. PCS DR

1. #i& structure

2005 B R TH 16 A2 TFAOFRSARE (B
196 FAOHE+ES) CHEREREToTL
o (®1)Y, % ISFEMMMLTEY, S51CHM
TAILHTFHMEAS (B1), FMEENFAREDS
HH 25% IS MERSTTbh TV 5, KEERK 70
FATHHREMEAARIE0%THE. XELDE
ThHoH DO REHNBHREMOBEEZZI T
RO ENTHRINE, DHYEOHAENOMEMNE
EHLEA S, HHMMMEE 776 full time equivalent
(FTE : M 40 B MBUR MG MW TR A, E¥YE
TH 115 A@RKEDZHhZHE 4,000 AEHBLT
ERICDE,

PCS TREGED & 5 £ EO MR %28 L HRHIc
LD4AMicHABLTV S, BERNIZERO 81%,
ERMEDB0%ELEDEY. CO4MTEER, ARICK

PCS (Patterns of Care Study)
FTE (full time equivalent ; # 40 & M8 686G M0 ERE)

JASTRO (B HBMH¥ =)
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BEE : 4. PCS (Patterns of Care Study) IC& S B¥BMORKBEAMOHER

3 W A0

Possession (%)

583

oo
f=g=1—F -1 4§

o N . . "
Linac  (Dual snergy) (3DCRT)
Function of Linac

(IMRT)

D Stratum Al(n=66) [ Stratum Bl(n=290)
OStratum A2(n=67) M Stratum B2(n=289)

2 200550PCSHEMED linac RARLED
L 15
Dual energy : 22 ED ¥ — LT 3 ¥ —HHRAE
fiE. 3DCRT : 3 dimensional conformal radiotherapy,
IMRT ; intensity modulated radiotherapy
(W5 X nalm)

ALENBLNT, REMRAl ~B2ANEETT 3.
B2cARaNRaRERTHESAFv 7 EEOR
fEERLTVS, BEOHKRE, ERNFTOMFAKLS
MIGT & 3 dual energy #ifig, MBS ICG L TRY
H2®R T2 2% 3DCRT (3 dimensional conformal
radiotherapy) ff, BHBHANORBEEY TN &
THEC L)%z, EREB~iERRERST
2 3 IMRT (intensity modulated radiotherapy) ##
RABBOAMREL TV, FEXORBELAL
OPCSERIVARCUBLTETVS, — 7, XE
DOREREMCOVTHBEMEEIEFEAR (X
\v, 1988 #Fi2kE® non-academic HE (HEDB
MERF ) O ME RIS 409 AT, Academic ([F AR
#Y4)T 1,022 ATHD, BHAE(2005 %, @ 130 A,
430 A) DR VERLTVEY,
1 FIERHBESEY ) OFHBEHANOLE
ERGllit 2468 AThH-o7. Al,LA2,B1D 1/4T
1 FTE B MME % -0 300 Bl bk (BMORE
ToXBHEM EML TV (E3)7, 2005 FOR
FTiR AL A2 BROKERMSELYIBRO B2
BEEBLTOLIEBOEL D ZHETET LIS,

Topics

. 1,100 —

S 1,000 Stratum Al(n=66) -

= 900 || = Stratum A2({n=67) |

E 00 J| — Stratum Bl (n=290) —

3 ™0 = Stratum B2(n=1288) |

§ o

=

£ a0} Warning level

T 200 erdt Blus Book

3 100 } ~— Guidelines
0

Ql Q2 Q3 @
0-25%  26.509%  51-75%¢  76-100%
*R.0.<1: calculated as R.O.=1

E3 2005fE@PCS ERMBILIcLS 1 FTERK
HARES -V OBEATORR

FTE . full time equivalent (#l 40 MY RHHWE
W), MM EERNICEST] FTE BANBMEES /-
DNOBEATEHECEER»LBVER~LERMICE
~NTLs,

Ql : 0~25%, Q2 :26~50%, Q3:51 ~ 75%,
Q4 :76 ~ 100%.

(XM7 L0351/

BETR 1 ZOBSRMBENHROIN—Ty 74
A FEF4 " OHRELL (200 A/ | HERIHEE)
FEMLI-BEMEAMLTOE, KELERTES
AZw7RYOBAETCRARLEBL LTS, B4
CERRUTAL—BRICST ZFEMBEROSTHE
R (%) 24T035. BLSLERM™E 150 ~
200 A /FTEEHBMBETSH Y, 1983 FOXED
T—RAICEMLEABLTEATWLSE, L'L, Fik2
N—TRTFTE< | DEROHLBIZETLULESD,
COHER 15 FEM, E{EDboTW LY,
PABRERERSRRTRThPhOoEREOST
REIOBBAVAKZOHAKCH LY, tHERVZ
T, ] (124/266 M= 48.1%, 2007 3 A
&) THBENREEE (> | FTE) MR TE2 TV 2
L, BS5IC AN 100 FA%/YD D JASTRO BEM
L 1,000 NS poHBEREBENZTT. BF
REEH1.5A/1,000 ATHo 7. BEREROEDL
ABRE~OBBEENE 25%THEOT, HXAAD
#¥150%%#®ET S L 3.0A/1,000 A< 60 himn
LV s, —F, JOT— R kiR JASTRO BE
EHSEVGHLUTHHBERARREELELH

3DCRT (3 dimensional conformal radiotherapy)

IMRT (intensity modulated radiotherapy)
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