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Abstract The X-ray source or focal radiation is one of the
factors that can degrade the conformal field edge in stereo-
tactic body radiotherapy. For that reason, it is very important
to estimate the total focal radiation profiles of linear acceler-
ators, which consists of X-ray focal-spot radiation and extra-
focal radiation profiles. Our purpose in this study was to
propose an experimental method for estimating the focal-spot
and extra-focal radiation profiles of linear accelerators based
on triple Gaussian functions. We measured the total X-ray
focal radiation profiles of the accelerators by moving a slit in
conjunction with a photon field p-type silicon diode. The slit
width was changed so that the extra-focal radiation could be
optimally included in the total focal radiation. The total focal
radiation profiles of an accelerator at 4-MV and 10-MV
energies were approximated with a combination of triple
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Gaussian functions, which correspond to the focal-spot radi-
ation, extra-focal radiation, and radiation transmitted through
the slit assembly. As a result, the ratios of the Gaussian peak
value of the extra-focal radiation to that of the focal spot for 4
and 10 MV were 0.077 and 0.159, respectively. The peak
widths of the focal-spot and extra-focal radiation profiles were
0.57 and 25.0 mm for 4 MV, respectively, and 0.60 and
22.0 mm for 10 MV, respectively. We concluded that the
proposed focal radiation profile model based on the triple
Gaussian functions may be feasible for estimating the X-ray
focal-spot and extra-focal radiation profiles.
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Extra-focal radiation - SBRT (stereotactic body radiation
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1 Introduction

Stereotactic body radiation therapy (SBRT) is a precise
irradiation method for an extracranial lesion by use of a small
number of high-dose fractions [1]. The advantages of SBRT
for treating lung tumors are a shortened treatment course that
requires fewer trips to the clinic than does a conventional
treatment, and the improvement of tumor coverage and
normal tissue sparing allowed by greater precision of the
setup [2]. Therefore, steep dose gradients outside a target
volume must be required with higher precision, because a
high dose per fraction should be delivered to a small tumor
within a conformal irradiation field in SBRT.

The X-ray source or focal spot is one of the factors
which can degrade the conformal field edge in the SBRT.
Wang and Leszczynski [3] reported that the dose profile
penumbra depends on the X-ray focal-spot size and shape.
Therefore, if the focal-spot size became wider, the dose
profile penumbra would be larger. As a result, the con-
formal edge would be blurred. On the other hand, radiation
treatment planning (RTP) algorithms based on Monte
Carlo simulation have been widely used in several com-
mercial RTP systems [4-8]. In Monte Carlo simulations,
the X-ray focal-spot size and shape of each linear accel-
erator are required for estimation of a more accurate three-
dimensional dose distribution in lung cancer patients for
SBRT. For that reason, it is very important to estimate the
focal-spot radiation of linear accelerators.

Some researchers hypothesized that the total focal
radiation consisted of focal-spot radiation and extra-focal
radiation [9-11]. Because the characteristics of the focal-
spot and extra-focal radiations differ from each other, many
methods for determination of extra-focal radiation have
been investigated based on (1) direct measurement [9-11],
(2) indirect measurement [12-16], and (3) Monte Carlo
simulations [7, 17, 18]. However, further studies are nee-
ded for investigation of the experimental methods for the
total focal radiation and more accurate modeling for them.
Therefore, our purpose in this study was to develop a
method for measuring the total focal radiation including
focal-spot radiation and extra-focal radiation, and then
estimating the focal and extra-focal radiation profiles of
linear accelerators separately based on Gaussian modeling.

2 Methods and materials

2.1 Total X-ray focal radiation profile model
based on Gaussian functions

The total X-ray focal radiation profile measured by a slit
assembly has been modeled by double Gaussian functions
representing a direct focal-spot radiation and an extra-focal

radiation [9-11]. In this study, the extra-focal radiation is
considered the scatter source, which is produced mainly by
Compton scattering in the field-flattening filter and primary
collimator [19]. However, the radiation transmitted through
the slit assembly has not been taken into account in the
total focal radiation profile model. Therefore, we propose a
total focal radiation profile model approximated with triple
Gaussian functions, which is given by

F(x) = Gp(x) + Ge(x) + Gi(x) + b )
and
Gi(x) = a;exp (— %%) (i=f,et) (2)

where f, e, and ¢ correspond to the focal-spot radiation,
extra-focal radiation, and radiation transmitted [20]
through and around the edge of the slit assembly (slit
corner), respectively, a; as well as o; are the peak height
and width parameters of each Gaussian function, respec-
tively, and b is the background signal. Because the peak
width parameter o; is related to the spread of each radiation
profile rather than the statistical standard deviation (SD),
the parameter o; of a Gaussian function is called a “peak
width” of the Gaussian function in this study. It is common
knowledge that the full width at half maximum is 2v/21n2
o. All parameters in Eq. 1 were determined by following
two steps so that the approximate model of Eq. [ can fit the
experimental data of the total focal radiation profile
obtained by a method described in the next section. In the
first step, the peak width o, of the focal-spot radiation
profile was determined by fitting of Eq. | with the narrow
total focal radiation profile obtained by use of a 0.1-mm
slit. In the second step, all other parameters in Eq 1 except
the peak width o of the focal-spot radiation profile, i.e., the
peak heights (ay, a,, and a,) and peak widths (0., 0,), were
determined by fitting of Eq. 1 with the broad total focal
radiation profile obtained by use of a 0.4-mm slit.

2.2 Measurement of total X-ray focal radiation profiles

The total X-ray focal radiation profiles of a linear accel-
erator were measured by moving a collimator-slit assembly
in conjunction with a photon field p-type silicon diode.
Figure | shows an illustration of the experimental setup for
measurement of a total focal radiation profile of the linear
accelerator. A megavoltage linear accelerator (Clinac 21
EX; Varian, Palo Alto, USA) producing 4-MV and 10-MV
photon beams was used as the radiation source in our
experiments. The irradiation field was set to 5.0 x 5.0 cm?
at an isocenter of 100 cm. The collimator-slit assembly
consisted of one to five sheets of paper (each thickness:
0.1 mm) sandwiched by two solid iron blocks [6 cm
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Fig. 1 Tllustration of the experimental setup for measurement of total
focal radiation profiles of a linear accelerator

(W) x 6cm (D) x 20 cm (H), PLAT-SSB-A200-B60-
T60, MISUMI, Japan], whose flatness was 200 & 0.2 mm.
The collimator-slit assembly in conjunction with a photon
field detector (PFD; Scanditronix Medical AB, Uppsala,
Sweden) was moved in a horizontal direction by use of a
stepping motor (Suruga Seiki stepping motor controller
Model D70) across the focal spot. The PFD was mounted
below the center of the collimator-slit assembly. The other
end of the PFD was connected to an electrometer (RAM-
TEC 1000 plus TOYO MEDIC, Japan). The PFD has an
effective diameter of 2.0 & 0.1 mm and a 50-um thick
p-type Si layer, and can be used for 1-50 MV.

For investigation of the dependence of slit width on the
total focal-spot radiation profiles, the total focal radiation
profiles were scanned by a slit assembly with slit widths of
0.1,0.2, 0.3, 0.4, or 0.5 mm within +=10 mm from a beam
axis with a scanning pitch of 0.2 mm for 10-MV X-rays.
For determination of the Guassian parameters in Eq. 2, two
types of total focal radiation profiles, i.e., narrow and broad
total focal radiation profiles, were measured by use of two
slit widths of 0.1 and 0.4 mm, respectively. The narrow
total focal radiation profile was scanned within £5 mm
from a beam axis with a slit width of 0.1 mm and a
scanning pitch of 0.1 mm, but a 1-mm pitch outside
£5 mm. The broad total focal radiation profile was mea-
sured within £15 mm from a beam axis with a slit width of
0.4 mm and a scanning pitch of 0.2 mm.
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Fig. 2 Total focal radiation profiles measured for 10-MV X-rays by a
slit assembly with slit widths of 0.1, 0.2, 0.3, 0.4, or 0.5 mm. The
open symbols correspond to the signal measured by a PFD, and the
dotted lines indicate the approximated models

Because both profiles contained the background signal,
the background signal was subtracted from the measured
profiles for determination of the net profiles, which were
used in this study. We considered the background signal as
diode dark signal and very weak radiation transmitted
through the iron block used for the slit assembly, which
would not include the radiation transmitted through and
around the edge of the slit assembly. The background
signal was measured by moving an iron block without a slit
under the same conditions as those of the profile mea-
surement at a scanning pitch of 1 mm.

3 Results

Figure 2 shows the total focal radiation profiles measured
by a slit assembly with slit widths of 0.1, 0.2, 0.3, 0.4, or
0.5 mm for 10-MV X-rays. The approximate models
indicated by dotted lines were fitted with the measured
signal. However, the tail data in the radiation profile
obtained by the 0.1-mm slit fluctuated greatly. Figure 3
shows the relationship between the slit width and the
average fluctuation of the measured data around the tail.
The average fluctuation of the measured data was defined
by the average difference between the measured data and
the approximate model around the tail (—9.8 to —7.2 mm,
7.2 to 9.8 mm). The data measured by the 0.1-mm slit
were the most unstable because of the very small number
of photons. Therefore, this result suggested that the
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Fig. 3 Relationship between the slit width and the average fluctu-
ation of the measured data around tail outside £2 standard deviations

parameters of the extra-focal radiation profile and the
transmitted radiation would be considered to be inaccurate
when the parameters were determined for such inaccurate
tail data. Consequently, we decided to use the 0.1-mm slit
only for determination of the peak width g of the focal-
spot radiation.

Figure 4 shows the relationship between the slit width
and the ratio (a./ap of the Gaussian height of the extra-
focal radiation (a,) to that of the focal-spot radiation (ay) in
the approximate model expressed by Eq. 2. Figure 5 shows
the relationship between the slit width and the peak widths
of the focal-spot (g, extra-focal (o.), and transmitted
radiation (o,) profiles expressed by the Gaussian function in
Eq. 2. According to Fig. 4, slits with a width larger than
0.4 mm would be better, because the ratio (a./ap did not
change from the 0.4-mm width to the 0.5-mm width. In
addition, because the extra-focal radiation and transmitted
radiation contribute to the tail region of the total radiation
profile, we need stable experimental data in the tail region,
which was fitted by the approximate model. The data
fluctuation around the tail region of the total focal radiation
profile shown in Fig. 3 seems to be small for slit widths
larger than 0.4 mm. Furthermore, as shown in Fig. 5, the
peak width of the extra-focal radiation profile seems to
become constant for slit widths larger than 0.4 mm.
Therefore, we considered that the 0.4-mm slit width would
be proper for determination of the peak heights and peak
widths for the extra-focal radiation and transmitted radia-
tion profiles.

Figure 6 shows the measured signal (solid circle) and
the approximate model (solid line) of the narrow total
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Fig. 4 Relationship between the slit width and the ratio (a./ay) of the
Gaussian height of the extra-focal radiation (a,) to that of the focal-
spot radiation (ay) in the approximated model expressed by Eq. 2
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Fig. 5 Relationship between the slit width and the peak widths of
focal-spot (o), extra-focal (6,), and transmitted radiation (o,) profiles
expressed by the Gaussian function in Eq. 2

X-ray focal radiation profile with use of a 0.1-mm slit
obtained for 4-MV and 10-MV X-ray beams. The mea-
sured data fluctuate on the tail of the total X-ray focal
radiation profile outside +5 mm, because the number of
photons decreases on the tail of the radiation profile
obtained with a 0.1-mm narrow slit.

Figure 7 shows the relative error in the total focal
radiation profile within £5 mm between the measured
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Fig. 6 Measured signal (solid 0
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Relative slit position (mm)

Fig. 7 Relative error (dotted
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100

line) in the total focal radiation
profile within &5 mm between
the measured signal and
approximated model for a 0.1-
mm slit obtained for (a) 4-MV
and (b) 10-MV X-ray beams.
The solid circles and solid lines
indicate the measured signal and
the approximated model,
respectively, which are the same
data as shown in Fig. 6

Normalized signal by PFD

Relative error (%)

-3 1
10 0

Relative slit position (mm)

signal and the approximate model for a 0.1-mm slit,
obtained for 4-MV and 10-MV X-ray beams. The solid
circles and solid lines indicate the measured signal and the
approximated model, respectively, which are the same data
as shown in Fig. 6. The relative error (%) was defined by
the measured value minus the approximated value divided
by the measured value. The relative error was smaller than
50% for 4 MV, but was 20% for 10 MV.

Figure 8 shows the measured signal (solid circle) and
the approximate model (solid line) of the broad total focal
radiation profile measured and approximated by the pro-
posed method with a slit width of 0.4 mm for 4-MV and
10-MV X-rays. Figure 8 also shows the relative error in the
total focal radiation profile between the measured signal
and the approximated model. The relative errors for 4 and
10 MV were smaller than 20 and 10%, respectively.

Table | shows the parameters in Gaussian models,
which were obtained by the proposed method, approxi-
mated for total focal radiation profiles for 4 and 10 MV. As
a result, the ratios of the Gaussian peak value of the extra-
focal radiation to that of the focal spot for 4 and 10 MV
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were 0.077 and 0.159, respectively. The peak widths of the
focal-spot and extra-focal radiations were 0.57 and
25.0 mm for 4 MV, respectively, and 0.60 and 22.0 mm
for 10 MV, respectively.

4 Discussion

We have developed an experimental method for measuring
the total focal radiation distribution including focal-spot
radiation and extra-focal radiation, and then estimating the
focal and extra-focal radiation profiles of linear accelera-
tors separately based on a triple Gaussian model. Sham
et al. [I1] published a study similar to ours, and they
proposed an experimental method for measurement of the
total focal radiation profile using a slit width of 0.3 mm,
where the profiles were approximated by two Gaussian
functions. On the other hand, we used an approximate
model of triple Gaussian functions, taking into account
radiation transmitted through and around the edge of the
slit assembly. Furthermore, we proposed a two-step method
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Fig. 8 Measured signal (solid
circle) and the approximated
model (solid line) of the total
broad X-ray focal radiation
profile with a 0.4-mm slit
obtained for (a) 4-MV and
(b) 10-MV X-ray beams. This
figure also shows the relative
error (dotted line) in the total
focal radiation profile within
+15 mm between the measured
signal and the approximated
model for a 0.4-mm slit
obtained for (a) 4-MV and

Normalized signal by PFD
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100 ] 100
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Table 1 Parameters in a Gaussian model approximating total focal
radiation profiles obtained by the proposed method

X-ray energy
MV)

Triple-Gaussian model parameters

ar o a, O, a, o, atas

(mm) (mm) (mm)
4 3.00 0.57 0.23 25.0 0.65 4.20 0.077
10 3.47 0.60 0.55 22.0 1.23 6.10 0.159

Table 2 Peak width: comparisons of the focal-spot radiation profile
and extra-focal radiation profile between our study and other studies

X-ray ar o, aJas
energy (mm) (mm)
(MV)
Jaffray et al. [9] 6 0.30-145 093 0.020
Sharpe et al. [10] 6 0.43-0.85 - 0.120
Sham et al. [11] 6 0.65 9.93 0.162
Our study 4, 10 0.57,0.60 25.0,22.0 0.077, 0.159

for determination of Gaussian parameters of the focal-spot
radiation profile and the extra-focal radiation profile using
narrow and broad total focal radiation profiles measured by
slits with two widths.

Gaussian models of the focal-spot radiation profile and
the extra-focal radiation profile based on experimental data
are useful and necessary for Monte Carlo simulations for
estimating accurate dose distributions at penumbral area
[3]. If the focal radiation profiles were incorrect, the dose
profiles at the penumbral area obtained by the Monte Carlo
simulation could not be consistent with measured data. In
particular, the discrepancy could become large in the
SBRT, where steep dose gradients outside a tumor should
be required in a small irradiation field.

Table 2 shows a comparison of the peak widths of the
focal-spot radiation profile and the extra-focal radiation
profile between our study and other studies based on
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experimental methods. Jaffray et al. [9] obtained nine
focal-spot radiation profiles of linear accelerators using a
computed tomography reconstruction technique. The peak
width of the focal-spot radiation profile ranged from 0.30 to
1.45 mm, the peak width of the extra-focal radiation profile
was 0.93 mm, and the a./ay ratio was 0.02. Sharpe et al.
[10] measured the extra-focal radiation for a 6-MV X-ray
beam, where the peak widths of the focal-spot radiation
profiles were from 0.43 to 0.85 mm, and the a./asratio was
approximately 12%. Sham et al. [11] evaluated the total
focal radiation profiles using a simplified moving slit
technique in conjunction with a diode detector for a meg-
avoltage 6-MV linac. They reported that the peak widths of
the focal-spot and extra-focal radiation profiles were 0.65
and 9.93 mm, respectively, and the a./ay ratio was 0.162.
On the other hand, the a./ay ratios obtained based on Monte
Carlo simulation ranged from 0.065 to 0.088 according to
Mohan et al. [18], and from 0.03 to 0.09 according to
Chaney et al. [17]. As a result, our data on the focal-spot
radiation profile and the a,/asratio were close to the data of
Sharpe et al. except for the peak width of the extra-focal
radiation profiles. Because few data on the peak width of
the extra-focal radiation profiles were reported in past
studies, we should continue to investigate the methods for
measurement of the extra-focal radiation profiles.

5 Conclusions

We have proposed an experimental method for estimating
focal-spot and extra-focal radiation profiles of linear
accelerators based on triple Gaussian functions. As a result,
the ratios of the Gaussian peak height of the extra-focal
radiation to that of the direct focal spot, which were
measured by this proposed method, were close to previous
results. Therefore, we conclude that the proposed focal-
profile model based on the triple Gaussian functions may
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be feasible for estimating the X-ray focal-spot and extra-
focal radiation profiles.
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bOERbND. T, RFHREBBIZLDEHE
ENBERBERN D HMT 2 THAH. =0
LIS, SHEDBBIIB LT L BUFEE
BROEELHEL, 2OLTHROELFMEY A0
ROBEEREICHTIOELEZILNE,

2. ERBERSRA
BGHRRIERD S — 5"y b L BRLROALE

, BEOHERILICEHTLII LA T .

Wwah Zhid, By b TIS—IIMAT,
B, BRERZEICL > THRIZBOME
HEEIhBZEILEB bL, COBRTLED
WMEZEMHENSLTHEIENTERE, Lh/Ah
SVRHFTHBITE, AEHSIERLTE
HuTHE D D 5.

127

ARONBOTEERR L ERT 5 kL
LTk, &R~—h—%pIREBICIEAL,
BREMNCXSEER R ETY— I — DB
B HhE, BREBIERLCBEREER
CTREICEWIEREEZTI FELRENRD 5.
SO &) HEE, BEHRFUBGER R (image -
guided radiotherapy: IGRT) & It h, HER
BICERLDDH 5.

EHEICB VT, IGRT A BIZIRME DS EEET
BWTEDLHIERSATWSE D, RET
bole. TIT BEEFHEMEMERICLS
‘BUOHRERENBOESR X 2 BREOESE
ELethIcBYT 8% Tid. IGRT. IMRT®
ERRECH LT r— b 2Fok FRK
2 FIZRERERR/ ALY ¥ —, FWERFR
PAZTEBB SRR &L EE 139 MaRIC
Tryr—rEEMFL 17HHZG42%) L VE
E28/. IMRT £ 67 fidk (57.3 %),
IGRT EMiME3% 1 71 H7% (60.7 %) TH o7z L
ML, IMRTRYGAMRD S H75%, IGRT*®
HARBED S B 65% A3 EUPICHAFE L
LTwa, Thabb BEURNKEL OMET
IMRT, IGRT®fTbha LI ihstEi1bN
5. BEIZDOWTIE, 93.0% ORMEERAGE 5 Bk,
86.6% DA 1B 2Gy ICTHEBEIToTW
7o 5K/ B1ISRT LSS 3DCRT T

P RME70Gy, IMRT TidPRME76Gy TH Y,

HO2IC IMRT IS THBREN RS S Tnwi
IGRT 22V Tid, kVCT, MVCT, #E#HEHE,
BERER &B~—N—%k BLL2FET
ThhTHh, IMRT 2 EDOHEHEERBRIER
SNBHEITIHIZIZ2MIC, 1ZIZEBIGRT T
DBREZITOA TV, EEZIZOWT
i, 47.1 % B EIEH, 40.0 %R 2 & DK
g 129% VB~ - —ToOMNBEEGbE
THhol .
DT =t bbbhdiHc, kL
EHREBIERICBVTIE, BEELAIC IMRT,
IGRTHILL BRTHETFREN, SHBORT
RBONBIH ORSE ExFEsh 5,

S

B



410 B APk 69 2% HITE 5 (2011)

0

IMRT
[]3DCRT

e

B 80 Gy

B AERNORTRICHT 3 BRR08
1H# 18206y ICTHRELTWS “r\fﬂ 100 e ag s L
- IMRT: S MO A, SDCRT: =Tk i Ek.

3. WAEmE

CEBO X, IGRT2ERTAZEDAY
y hO—21, BHEOEBRIEOEY bT YT

I5 R P ANMEENR NS TLI I

L0, BROERLEICHRTAZ L Th B %
&, ) —20fmE LT 1E#E s
&, EREIELE R S ORGHIBET, hypofrac-
tionation) & & SR 4 B HABITF SN A,
BB T2 REHOBHEE LTa/plt
AHHITHE Y, % OEMRIEN L 10 B
IS COERHSTEIRELSNTSY,
1EMEERELTHE, o/fHOASVEY
B CIIEEREROREEN R, B0
A O-VEBEDA) y PLhEwA SR

MOBDPKEVESNTHE LaL, W

HUEDB GBI D o/f IR IS L
HHOERMBTH2EHCRELR LD o/f
HEpdhswvliEiisntwady LI
FHAE LG 1ESEOMc LY, %
HURORAEIIL R TR S
BLENTELRE Lk,

RS (T B 1.8-2 Gy) C OB IR
K BB B 37 A0 IS TH D, v b
Ty TG = RWMEN R BN & BB IR
DEHDH->TH, ZHBOMEHD L ) SEEIL
ENDHLD, TG RN L 2w,

L2l BEBFOST—I A0S uilis, 1H
Mite LD RELL, F¥EHE S FTE
TAHIEE, WSRO O AN EEE AR
HUICKECHMRBLTL B LI CHRABY T4b
B, BRE DT IR O O E B RS

RREPOMBICERCEL LEZHNT
L«3 .Z:)" e

TES I IZ OV TIL, IRICE C OMERS
b L MORAXRT T4 T C, KA D
@ E LT, Cleveland Clinic 25 @ 11 2.5 Gy,
total 70Gy DB WA OMRENH 5% Wk
YA o THIIRO L % W5 L T IMRTIC
THEHEE N TI0H 0 5 4F PSA 56 5 1% 82
% & BAIFCH D, Grade 2 PLEomlgleg, R
FEABEEIE ZN PR A5%, 5.2% Lol
LR CH ol LT WA,

BlAE, SRS ORI MRS A 700,
IGRT # i 5 C. W% 59 (1 1 1.8-2Gy)
LRSI (11 2.5-3 Gy BIE) & ok Bl%
5 v ¥ MULBRBRBS SO M EINTB DY
CHOORBICE ST BSMIBHTR 7 >
Y RO—D L BTN HO TV D,
IR E R I U A AT, e
SRGIET, 1AEREEST2RAL S
%. Bolzicco 5, R~ A 2§ 75 45
B3 LT, Cvberknife 2 & D #0135

128



Nippon Rinsho Vol 69, Suppl 5, 2011

Gy/7#F# (1B 7Gy) % B4 L, 207 R Oi%@
HEMMICT, Grade 2l EOMBEEHAI
44% ERIFTH oo eBEL TS, LaL,
DX RRER, PESEORMERIIAH
ThHY, WELHENLERETHSLZ LICE

411

2TBY, LYVEEHZORBRERWZ HEHE
WREE o TWa, HIZ, TIhODOEMEZE
FEERELT, ESHBHOEHEI RGP
TREEShTWS., AEBHEORAR, 7-8:8MH
BELERBEXEMICDE2ETHo kb,

Bl sk,
FbHUIK

WEFTRRTEAL SIS, IMRT, IGRT #*
MR OSMRSHCBECTASNA L 12k

b LEGHRH ORRBLBRROGEIH S
PEBIE, XYM TR R
ZAES LBV, SHOFRREIFHFESH
5.

B &R

1)} Hanks GE, et al: Patterns of Care Studies—Past, Present, and Future—. Semin Radiat Oncol 7:
97-100, 1997.

2) FREH  BARERFCBY IBEREBREFE—bHIEICBT AEERBITORR L ER %
BEE—. BEGRESHSE 12:1-12, 2000. ’

3) Nakamura K, et al: Trends in the practice of radiotherapy for localized prostate cancer in Japan: a
preliminary patterns of care study report. Jpn J Clin Oncol 33: 527-532, 2003.

4) Ogawa K, et al: Radical External Beam Radiotherapy for Clinically Localized Prostate Cancer in
Japan: Changing Trends in the Patterns of Care Process Survey. IntJ Radiat Oncol Biol Phys,
2010. Oct 13. [Epub ahead of print]

5) ®HFIIE : 5B —3DCRT. IMRT, BF - BN F&E. BRE(TL T)WILBREOER. $36EHR
BB &I, p54-58, 2010.

6) Williams SG, et al: Use of individual fraction size data from 3756 patients to directly determine the
alpha/beta ratio of prostate cancer. IntJ Radiat Oncol Biol Phys 68: 24-33, 2007,

7) Song WY, et al: Evaluation of image~-guided radiation therapy (IGRT) technologies and their impact
on the outcomes of hypofractionated prostate cancer treatments: a radiobiologic analysis. Int ]
Radiat Oncol Biol Phys 64: 289-300, 2006.

8) Kupelian PA, et al: Hypofractionated intensity ~modulated radiotherapy(70Gy at 2.5Gy per
fraction) for localized prostate cancer: Cleveland Clinic experience. IntJ Radiat Oncol Biol Phys
68: 1424-1430, 2007.

9) Miles EF, Lee WR: Hypofractionation for prostate cancer: a critical review. Semin Radiat Oncol
18: 41-47, 2008.

10) Bolzicco G, et al: Image-guided stereotactic body radiation therapy for clinically localized prostate
cancer: preliminary clinical results. Technol Cancer Res Treat 9: 473-477, 2010.

129



i msRlOMaHEaR

LatshoxE

FRAIAILE

B | ISR 5 —
= s

R AR H»w«x»-;

5
<

; @‘pomf ;
GWJﬁﬁh@mﬁﬁmﬁnk*Eﬁﬁ%tfSﬁﬁﬁﬁw%tﬁﬁ@ﬁﬂ%ﬁ%@!ﬁ%
SERESAN S, FRIRCREEESL, TOEEORREERNY SEe ORI
”‘*‘1’172. ' :
’oﬁﬁﬁﬁ%mhkﬁ§%W%%
| @REESAROINESERIEERETH D,

 EOEESLJEDTENTED.
@stEEAEE, INIBSERTRO7 Y I
L ENBD. '

. @TEBOEY, SHEE, THREREERSOERENCORESAEDNEVLSNS.

HOBENSIGERCEERSTSS.
STEREEE, RISRIERERTDIE |

MR R RA L LTHDNB T |

o A K A E I

@ gu&%ﬁ% ;.m—zam;*ﬁ ﬁ@fﬁgﬂiﬂta‘b\?

~, WALIEEREAI AT bR BIE, BRE
HRBERELEBAaOEREL

iﬁﬁ%rﬁi&@ﬁ&:%a@f‘%’%ii ?“'é‘gﬁf}

SRS AT ) RGO G HR, FATERIAT
5%&%% #A@ﬁﬁk%oﬁ&%ﬁﬁ?
B 7= AT S R MR BB S L
3. RENEOREINE. BET A XD Wik
EEMITERL, ﬁﬁ&ﬁ@%ﬁa&@n%
DLVCEEL, BENZERERETS
BEDEERRIRED—D Lo TVET.

pg;%ﬁﬁﬁko%&mwﬁaﬁﬁﬁ%a
A B L TFRYAFTH DT LT
SIOMLIA A THIE, BB EHEET

154 BABITELOF ¢~ vol 2

ES
EFHT A
T, WERCHEERERIMTHONLEZ LD
T, BRI X B A0V E YRR
PECHEAR L 22BN BRIC X B HEREEE 7 EOE
REBFT H7-01I0h, BHERGRIFACDS
nEy

i 'bx;yma Eﬁ?‘éﬁré‘%%%x%‘;k@h b .xszga*&é,.&;i;@tﬁ?bg?l |

hall BB b/ ’éﬁl’i&%ﬁ’&f fra T & IARETE
&i?ﬁ\&bfﬁ&b*c‘:&;k’,%ﬂ . F, BIALHR
AAE, BT IREEERIE (prostate specific

no. 1 2011

2185-5684/11/¥400/ i L/ICOPY

130



antigen ! PSA) & W3S EbDOTHBELEE
T —-%b DI & HIFMTT. PSA IXE
B ERDFEOEBN-HBERELTHYS
h, BROBMBRICIBRHZREL TV
LA2L, ZEXAPSAERNEI-TD, &
nAF CICRIRMRATBER U DL bIF T
BWZENBVD, BIURFADERFSE
FRETLHIHE BRBEOBHOEREOH
(quality oflife : QOL) Z WA { B0 At
HEIT2DET. £8, SELLYTRED
HRFEFHHPEVBER, BITOY A 72
FEEITASVEHT SN HEITIE, EHER
b—ODBRKERIHEEN D ET.
BISZERASAE, BAROBHEED X 52/
WS E LT TNM S b h, REE

BRU Y HMEBFHIE, FRITFES
TRERZY TS, S5, G287 PSA 14,
Gleason score 2 &b EE L FHTFHEF &
ZOETY. OoF D, BERIADOBRRE
L, BICTNMSEDOAZLT, Zhon
YRZBAFZERICANERBREEITS
LEFDHYET., URZGHEICTEVWA NS
bDHH Y F§ A, KED NCCN Clinical
Practice Guidelines in Oncology ? Cix, T1~
2a 7D Gleason score 2~6 72 PSA<10
ng/mL ZEY X 78, T3aLlEZ 72X Glea-
son score 8~10 F 7=i% PSA>20ng/mL #%*
BUYRAZE ERDNZRIXIBEFEL,
EEFAUDOREEZIT>THET.

® Gleason score

BYAOHBBROSHBEEERLT,

{BBO—>o Y.

BIMERY ADREHSFNSEE L THWSIhETY. FYADERE® SEBSICEM@L, WL
BOYICHOBUE - ERICBEENNZ DD
AEt%# 7Y —v>Xa7 (=Gleason score, Gleasonsum) & LTEBLEYT. FU—-v>X
a7 TR, 6RTHFEVRY, 7TRHRYXY, 8~10REFYXTEEhH,

ARERROEELY

i A EMRERECGIRET. S
- WESIIAENAD>S X B2 YoRsRE RS
TAHFET, 3RTESHEHR (3 dimen-
tional conformal radiation therapy:3DCRT),

HEZEFBSTRIEH (intensity-modulated
radiation therapy : IMRT) % & D E&FHEH
HNET. T ZhODERMETSEENC
HREE L ONEOTIEZRIEL TERTT
35, BRSNS # (image-guided ra-

PABEL IF +— volL. 2 no. 1 2011

: ﬁﬁﬁﬁrﬁﬁfzﬂzwﬁlﬁ\fﬁi‘éﬁti, - R

131

#hmﬁéﬂ&%ﬁéﬁ&@“amgjn5oﬁﬁo§?w¢

diation therapy : IGRT) ﬁ‘i&fﬁ’é"& LTw i

T. E6IZ, BFAFrRREIFT V2
TN FRERLEFEERLDOH D ET
(3DCRT, IMRT, IGRT i2oWTOMITRROEEE
BLREW), BIMBMAR, 0k hEH
BERSTREHEOF R ERLIENITLMTE
LEBO—DTY. ¥R b, BMBRIAD
BAHRAR TR E R B O FEE 2 VA ISR
BELPHEELEL VR, ZhoD
O BERUAT AR A R RS D SRR R & Ay

155



ERTE 2756 TY.

MNRBERETIE, PEVWERFRICEHS
- HHERALTE (ChEMRBELVVE
1) oSS rRELEERICHAVE
3. BLRATACK T B ARIEREEL, BN
BRHBEREOFA FEAWSI LICEY, &
BWESB TSV r— 582 ERICBATES
3R, RSIHREMICHELE L.
AR, HEWMRIEAIEZOEEIC
BEELHAT A0, HBARKHLE D LTh
3

BIMRRATACH T B /MRERE IS ESR
¥ BREEO2ERAOFE DV T, B
MERIC X B RIEREIL, I3 —F125Ewn
SEHBREBRBIT2WHLEE0OSmm, E
E2H5mm OFREFICH A LA/NE WigiE
%, SB8L YR BREBRISKARICEAL

SEHN T, B&F —E1.8~2Gy
8 DX MICT70~78 Gy BEOKRHR

AERE N F¥. 3DCRT Tit 70~72 Gy

A%, IMRT Tk 74~78Gy ;5 EshaZ &
BEnEHTY. NEBREE, SkCcoikE
THETTH, GRMHMELTT7~8EAME
BEVEERZY T,

BISZERASA DRGSR Tk, V22
GRS T, BRFUAPEDLYET. L2k
A, NCCN# 4 FS 4Tk, BYRIE
TRASBRBHEMMERIATWET 2, —
FT, YRR BT L > THILE
NADBRFERL Y ¥ HEBOTREMENE L &
D, FVEVEELHHTAILICEI-TH
BEZETERHIENTEETY. By x>
FiciE, 4~6» BoEHMORLE VR
LD, BYRZBTH2~34EDF0E

7. BABEDOSHMABR TOBRBI T
3.
ARBEREICE, SREEABRARH L
WHOFEDDD, BIMBRICT 7Y r—7¢t
EXiENAMF 2 — T EHEMBA L Z
FICL, EOF a2 —THICAEVL Y TS
5192 R EDRIFEZBREL—RHRICIHEALT
GRETHHFETT. BREIBZD, T
Fa—TDHhEHAL, EBE»SEBELT
MFEZF 2 —THICIFAT B0, fFowk
BAHh FHA. TDFEIE, remote after—
loading system (RALS) & & XiFh 4.

NRIFFE SRS L E 2D, SEREst
LY RBHTTI, HARBBHIY E6ICEHL
ORBEMUIBRICEBETE, EHOARDOA
THEBRPRTTH2L2ELORENDD 7.

BOFRNEVRELOFAFERILTVE
32

EREE COMRFEREL, BY X8I
BS L Cia/MRIFEMREEREIC T, FYRAZEIC
X5ERE L ORI THREMTDbhaZ E
P—ERTT Y. RUVRAZCRERTATE
HEIBWD, DT HERIATHTRA.
HRERTOMNRUERE L, SR A
L7z7—RAMBEHELTHEIShLZ LS
., FRTREEHRY X7 DEFCTPH
35 8

BE#RE, TabbFFCHRIREETD
10EPSAEERER BYRAIZETH
80%, FHEEYRAIHETHS0%, B VE
THIN%ESNTHET 2 LiL, o8
YA HTIIEEERSIC L Y BRESTH
EFoWektEdH 0, T/, SHGEEERE

156 PABFELF+— vol 2 no. 1 2011

132



AT5lLilioTHEBMOMENERRADF
J. ChidHETPSADHEERETDH

h, SEFRIEEOEREEE L T, —
BENIFEEICREFCT.

SHOFEPRL LT, TH - 5KiE,
: SR, BERMER EA D) E3H, TWHE
BTY. RBAEESL LTROMELRS
LbORERBITY. FHEETS L 2H
M7 ¥% & SER 1 %UT T3, Bm
EEDRRZAEOLER BRI ORE 5
BB, BS—E Y b5 0% BECHSR

¥99 ChildBEBORBICEELET O
T, HEXEBGRERL L OBMERSTR
ERETICEICLY, FEHROHELE
BTBEeNTEET. REROFEHSL
LT, MR, REHBLLIDY . SR
REEMECIZTRELD D T4 FHC
HREEFERZEVWEShTHwES.

[6] smrromecsmmenesscarssoTsne

THEHRBOY X2 MR EHE L
F T2 bREE LTHEBHEHZITS

'g'

TEHHYET. —FH, LEIABERKOJRY

AL TH, PSAOLEFEHERLTHOHK
BHSTRERETIEELD Y, —ENa >
U RAEBONRTWERA D, F4E, pT3,
BB R Y, BROY R T OFWESIC,
TV axy PERSHRGREMA SR EMA 2
WEOHRBRBROBEN VL OPHES R,
SHERIRET 2 X 7243 5 A%, PSA BREME
WZEAHEHESRE LY. 2L, &EF

HURSHWBFET, FEBEEZY RBCEBETIIEIPCO2VTHE, do&D

LTwEEA.

HHRICPSAMLERAL, BoriRBES
DB VHEICIE, HEREL L THERE T
ERTHLEN DV 3. HRBABOERE
%% PSA f#i% 0.4~1.0 ng/mL BE X S h,
BB TOERMBBI LI wEEhTHE
¥, BREREWARE TS0 B REKE
BHEFEL, 64Gy LEOBRRI RSN T
WET? FEEKLLLT, REESRZELD
BHENL~3BICBDLNET.

[@] mummrommmemsmenconTRR T AL

BHNZESRERE LTI, FER
dERl QWS ORA, FHEEOHER, TH
PREGEAE 2 L OEREM 2 L2 B E LT
bhiEd 9,

BEBOMAMIH T 5 EHREhFRE, —ARH

PAEBTL2F+— vol 2 no. 1 2011

133

BRI 70~85% T, STEBRME
30~50% BEL VwbhTWwEF. 30Gy/10
a#, 20 Gy/5 587z L OBESEA—EE
CHwbR, 1~ 2BHOERMTERER
TLETA, SHIEHMBHELT 8Gy &

157



Eo 1 ERMFFTbREIENEDEF. =
" oFAE LTI, 1 ERRET 3250 Tk

=TFaoEe, BAMRETHA I ELRY .

AHY, SREBERIEELBEIALETT
bhEd. WHIBRPADEEBIIZRT Y
HHBZVOTTH, TXTOFEBHRU~D
BIESTIERL, BFEZAborFoa
89 v BSHERN TR T EHL T, BES
BELCHBISE, HFAEUBTHHEMOBA
EhTwnIET.

BFEBICES FHEAIZ BEOQOL %
KELETEEEH720D, TOTFRs - &L,
EBIFHMBPADTRIAY ML oTED
DTEETY. FEIE—BRTTH, =2H

[xx ®#

HEBELIREL, KBOREL-BFISE
WKHEIRE 2D 30T, EBICIRBSTRER
ATbhaZ Sl A6NET.
FNVEVRECHER-BRE2o1HET,
BIMLBROERICHE S T ERREEFAZE X Y DR
BANCH LT HBSHRERIIERH T, BAEO
WVRBABREREER 2D, BBEHP W
BREC, SVHHCERERTLES.
BIMBRASAACKH T 2 BHMER & U THEHR
ZTO%HEICE, BEO QOL 2F X eAb,
5L EVHMT, BEOSEBAEDI R
BB B X ERTHILENDY
7.

1) Makarov DV, Trock BJ, Humphreys EB et al : Updated nomogram to predict pathologic
stage of prostate cancer given prostate-specific antigen level, clinical stage, and biopsy
Gleason score (Partin tables) based on cases from 20600 to 2005. Urology 69 : 1095-1101, 2007

2) NCCN Clinical Practice Guidelines in Oncology, Prostate Cancer v3.2010
http://www.nccn.org/professionals/physician_gls/f_guidelines.asp

3) Nag S, Beyer D, Friedland J et al : American Brachytherapy Society (ABS) recommenda-
tions for transperineal permanent brachytherapy of prostate cancer. Int J Radiat Oncol Biol

Phys 44 : 789-799, 1999

158

4) D'Amico AV, Whittington R, Malkowicz SB et al : Predicting prostate specific antigen
outcome preoperatively in the prostate specific antigen era. J Urol 166 : 2185-2188, 2001

5) Cahlon O, Hunt M, Zelefsky MJ : Intensity-modulated radiation therapy : supportive data for
prostate cancer. Semin Radiat Oncol 18 : 48-57, 2008

6) PHFIIE : WRESY - RIS, “3A - B 2010 KB ¥ MuUE. REHRE
1k, ppS68-975, 2010

7) Cox JD, Gallagher MJ, Hammond EH et al : Consensus statements on radiation therapy of
prostate cancer : guidelines for prostate re-biopsy after radiation and for radiation therapy
with rising prostate—specific antigen levels after radical prostatectomy. American Society for
Therapeutic Radiology and Oncology Consensus Panel. J Clin Oncol 17 : 1155, 1989

8) PHRAE, REHEE, FRFFS ARUMEL L TORMBME. Urology View 7:77-8L, 2009

PAEZTL27F+— vol 2 no. 1 2011

134



Int. J. Radiation Oncology Biol. Phys., Vol. 81, No. 5, pp. 1310-1318, 2011
Copyright © 2011 Elsevier Inc.

Printed in the USA. All rights reserved

0360-3016/$ - see front matter

doi:10.1016/j.ijrobp.2010.08.014

CLINICAL INVESTIGATION Prostate

RADICAL EXTERNAL BEAM RADIOTHERAPY FOR CLINICALLY
LOCALIZED PROSTATE CANCER IN JAPAN: CHANGING TRENDS IN THE
PATTERNS OF CARE PROCESS SURVEY

Kazuniko Ocawa, M.D.,* KATSUMASA NAKAMURA, M.D.,Jr ToMONARI SASAKI, M.D.,T‘
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JAPANESE PATTERNS OF CARE STUDY WORKING SUBGRQUP OF PROSTATE CANCER.
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**Department of Medical Physics & Engineering, Osaka University, Osaka, Japan; and "Department of Radiation Oncology and
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Purpose: To delineate changing trends in radical external beam radiotherapy (EBRT) for prostate cancer in Japan.
Methods and Materials: Data from 841 patients with clinically localized prostate cancer treated with EBRT in the
Japanese Patterns of Care Study (PCS) from 1996 to 2005 were analyzed.

Results: Significant increases in the proportions of patients with stage T1 to T2 disease and decrease in prostate-
specific antigen values were observed. Also, there were significant increases in the percentages of patients treated
with radiotherapy by their own choice. Median radiation doses were 65.0 Gy and 68.4 Gy from 1996 to 1998 and
from 1999 to 2001, respectively, increasing to 70 Gy from 2003 to 2005. Moreover, conformal therapy was more
frequently used from 2003 to 2005 (84.9%) than from 1996 to 1998 (49.1%) and from 1999 to 2001 (50.2%). On
the other hand, the percentage of patients receiving hormone therapy from 2003 to 2005 (81.1%) was almost
the same as that from 1996 to 1998 (86.3 %) and from 1999 to 2001 (89.7%). Compared with the PCS in the United
States, patient characteristics and patterns of treatments from 2003 to 2005 have become more similar to those in
the United States than those from 1996 to 1998 and those from 1999 to 2001.

Conclusions: This study indicates a trend toward increasing numbers of patients with early-stage disease and in-
creasing proportions of patients treated with higher radiation doses with advanced equipment among Japanese
prostate cancer patients treated with EBRT during 1996 to 2005 survey periods. Patterns of care for prostate can-
cer in Japan are becoming more similar to those in the United States. © 2011 Elsevier Inc.

Patterns of care study, Prostate cancer, Radical external beam radiotherapy, Changing trend.

INTRODUCTION To improve the quality of radiation oncology, PCS meth-
odology has been imported to Japan from the United States.
The Japanese PCS Working Group of Prostate Cancer
started a nationwide process survey of patients treated with
radiotherapy between 1996 and 1998 (5, 6). Subsequently,
the Working Group conducted a second PCS of patients
treated with radiotherapy between 1999 and 2001 and
previously reported the results of this second PCS for
prostate cancer patients in Japan treated with radiotherapy
(7-18). At present, we have conducted a third PCS of
patients treated with radiotherapy from 2003 to 2005 (19).

The Patterns of Care Study (PCS) national survey is a retro-
spective study designed to establish the national practice
process of therapies for selected malignancies over a specific
time period (1-3). In addition to documenting the practice
process, data from PCS surveys are important for
developing and disseminating national guidelines for
cancer treatment that help promote a more uniform care
process in the country. The PCS is also designed to
complement the role of clinical trials in enhancing the
standard of care for cancer patients (1, 4).
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Over the past 10 years, remarkable changes have occurred
in prostate cancer treatment policy in Japan. The number of
deaths due to prostate cancer has been on a steep increase,
especially in elderly patients. The proportion of prostate can-
cer deaths to total cancer deaths also showed an increase
from 0.9% in 1960 to 4.2% in 2000 (20). Since the introduc-
tion of prostate-specific antigen (PSA) screening, prostate
cancer cases are being detected at earlier stages of disease,
which allows early-stage patients a better chance of success-
ful treatment and reduction of death from prostate cancer
(21, 22). Moreover, recently, the use of radical external
beam radiotherapy (EBRT) for prostate cancer has
increased rapidly, as significant new radiation treatment
planning technologies and methodologies have become
available. Therefore, to optimally treat Japanese prostate
cancer patients, it is important to accurately delineate the
intrinsic changes taking place in the national practice
process of radiotherapy for prostate cancer in Japan. In
this report, we present the results of our analysis of the
time-dependent transition of the process of care for prostate
cancer patients treated with radical EBRT in the time periods
from 1996 to 1998, 1999 to 2001, and 2003 to 2005.

METHODS AND MATERIALS

PCS surveys from 1996 to 1998, 1999 to 2001, and 2003 to 2005
in Japan contain detailed information about a total of 1,286 patients
with prostate cancer treated with radiotherapy during the respective
survey periods (307 patients were treated in 1996-1998; 387 pa-
tients in 1999-2001 PCS; and 592 patients in 2003-2005). PCS
methodology has been described previously (1-4). Briefly, the
PCS surveys were extramural audits that utilized a stratified two-
stage cluster sampling design. The Japanese PCS used an original
data format developed in collaboration with the American College
of Radiology (Philadelphia, PA). The PCS surveyors consisted of
20 radiation oncologists from academic institutions. For each insti-
tution, one radiation oncologist collected data by reviewing pa-
tients’ charts. To validate the quality of the collected data, the
PCS used an Internet mailing list including all of the surveyors.
On-site real-time checks and adjustments of the data input were
available to each surveyor and to the PCS committee.

Of the 1,286 patients comprising the PCS 1996 to 1998, 1999 to
2001, and 2003 to 2005 surveys, patients with a diagnosis of adeno-
carcinoma of the prostate were eligible for inclusion in the present
study unless they had one or more of the following conditions: (/)
hormone-refractory cancer; (2) evidence of distant metastasis; (3)
concurrent or prior diagnosis of any other malignancy; (4) prior ra-
diotherapy; (5) or prior prostatectomy. In the current study, we con-
sidered the exclusion of patients with concurrent or prior diagnosis
of nonmelanoma skin cancer would not affect the results of our PCS
survey because the incidence of nonmelanoma skin cancers in
Japan has been low compared to those in Western countries. A total
of 841 patients with clinically localized prostate cancer treated with
EBRT met these eligibility criteria and were selected for analysis
(1996-1998 PCS included 161 patients from 51 institutions;
1999-2001 PCS included 283 patients from 66 institutions; and
2003-2005 PCS included 397 patients from 61 institutions).
Criteria for institutional categories in the 1996 to 1998, 1999 to
2001, and 2003 to 2005 surveys have been detailed elsewhere
(10, 11). Briefly, the PCS divided Japanese institutions into
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academic institutions (university hospital or cancer center) and
nonacademic institutions (other hospitals).

In the current study, we used the risk groups utilized by D’ Amico
et al. (23), based on serum PSA level, biopsy, Gleason combined
score, and 1992 American Joint Commission on Cancer (AJCC)
clinical tumor category. Low-risk patients had a PSA of 10 ug/l
or less, a Gleason score of 6 or less, and a 1992 tumor category
of stage Tlc or T2a. Intermediate-risk patients had PSA levels of
10.1 to 20 ug/l or a Gleason combined score of 7 or a 1992
AJCC tumor category of stage T2b. High-risk patients had a PSA
level of more than 20 ug/l or a Gleason combined score of 8 or
a 1992 AJCC tumor category of stage T2c.

Statistical analyses were performed using the Statistical Analysis
System at the PCS data center at Osaka University (24). Statistical
significance was tested using the chi-square test, Student’s ¢ test,
and the Mann-Whitney U test. A probability level of 0.05 was chosen
for statistical significance.

RESULTS

Patient characteristics

Patient characteristics for the PCS surveys from 1996 to
1998, 1999 to 2001, and 2003 to 2005 are shown in Table 1.
There were significant increases over time in the proportion
of patients with stage T1 to T2 disease (34.6% of patients in
the 1996-1998 PCS; 48.2% of patients in the1999-2001
PCS; and 61.4% of patients in the 2003-2005 PCS) and de-
creases in median PSA values at diagnosis (: 22.0 ng/ml in
the 1996-1998 PCS; 20.0 ng/ml in the 1999-2001 PCS; and
14.9 ng/ml in the 2003-2005 PCS). Data for the Gleason com-
bined score were missing for 73.9% (119/161) of the patients
in the 1996 to 1998 PCS and for 39.6% (112/283) of the pa-
tients in the 1999 to 2001 PCS, while only 5.5% (22/397) of
patients were missing in the 2003 to 2005 PCS. The number
of patients in the low-risk group increased gradually over
time, while the number of patients in the high-risk group de-
creased gradually (Fig. 1). Table 1 and Fig. 2 indicate the rea-
sons for selecting radiotherapy during these different time
periods. There were significant increases over time in the
number of patients treated with radiotherapy by their own
choice (5.9% of patients in the 1996-1998 PCS; 26.5% of pa-
tients in the 1999-2001 PCS; and 41.4% of patients in the
2003-2005). This change in the rate of “patient choice” was
significantly different (p < 0.0001).

Treatment characteristics

Treatment characteristics are shown in Table 2. The fre-
quencies of radiation energies >10 MYV, the use of portal or
electronic portal images, and all field treatment each day in-
creased gradually from 1996 to 1998 to 2003 to 2005. Also,
the frequency of computed tomography (CT)-based treat-
ment planning was 90.9% in 2003 to 2005, but 80.7% in
1996 to 1998, and 85.5% in 1999 to 2001. Moreover, the fre-
quency of conformal therapy increased more rapidly from
2003 to 2005 (84.9%) than from 1996 to 1998 (49.1%)
and 1999 to 2001 (50.2%).

Median radiation doses were 65.0 Gy and 68.4 Gy from
1996 to 1998 and from 1999 to 2001, respectively, increas-
ing up to 70 Gy from 2003 to 2005. Stratifying patients by
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Table 1. Patient and disease characteristics

PCS survey
1996-1998 1999-2001 2003-2005 Significance
Patient characteristic (n = 161 patients) (n = 283 patients) (n =397 patients) (p value)
Institution 51 66 61
Median age, years (range) 70.4 (46.5-89.8) 71.8 (49.7-92.2) 72.1 (50.7-87.7) 0.4556
Mean age + SD 70.8 £ 8.1 71.8 £ 6.6 71.5 + 6.1 0.3446
Median KPS % (range) 90 (40-100) 90 (50-100) 90 (60-100) <0.0001
Mean £ SD 87.0 £ 8.9 89.1 + 7.1 90.9 + 8.5 <0.0001
Missing data 7 8 0
Pretreatment PSA level (%)
Median PSA level (range) 21.95 (0.3-900.0) 19.99 (0.6-856.9) 14.94 (0.7-3,058.0) 0.0176
Mean PSA level & SD 51.5+935 54.1 £99.5 48.2 £ 179.2 0.8719
<10 41/146 (28.1%) 771268 (28.7%) 121/391 (30.9%) 0.0066
10-19.9 251146 (17.1%) 571268 (21.3%) 113/391 (28.9%)
=20 80/146 (54.8%) 1347268 (50.0%) 157/391 (40.2%)
Missing data 15 15 6
Lower pretreatment PSA level (%)
<4 17/146 (11.6%) 8/268 (3.0%) 9/391 (2.3%) <0.0001
=4 129/146 (88.4%) 260/268 (97.0%) 382/391 (97.7%)
Missing data 15 15 6
Differentiation (no. patients/total) (%)
Well 24/159 (15.1%) 62/264 (23.5%) 67/376 (17.8%) 0.0148
Moderate 79/159 (49.7%) 93/264 (35.2%) 152/376 (40.4%)
Poor 46/159 (28.9%) 93/264 (35.2%) 99/376 (26.3%)
Other 0/159 (0.0%) 2/264 (0.8%) 7/376 (1.9%)
Unknown 10/159 (6.3%) 14/264 (5.3%) 51/376 (13.6%)
Missing data 2 19 21
Gleason combined score (%)
2-6 11/42 (26.2%) 77171 (45.0%) 118/375 (31.5%) 0.0014
7 18/42 (42.9%) 35/171 (20.5%) 134/375 (35.7%)
8-10 13/42 (31.0%) 59/171 (34.5%) 123/375 (32.8%)
Missing data 119 112 22
T stage (no. patients/total) (%)
TX-TO 1/159 (0.6%) 10/272 (3.7%) 1/394 (0.3%) <0.0001
Tl 8/159 (5.0%) 22/272 (8.1%) 88/394 (22.3%)
T2 47/159 (29.6%) 109/272 (40.1%) 154/394 (39.1%)
T3-T4 102/159 (64.2%) 124/272 (45.6%) 134/394 (34.0%)
Unknown 17159 (0.6%) 7/272 (2.6%) 17/394 (4.3%)
Missing data 2 11 3
N stage (no. patients/total) (%)
NX-NO 136/157 (86.6%) 249/270 (92.2%) 372/394 (94.4%) 0.0038
N1 18/157 (11.5%) 15/270 (5.6%) 12/394 (3.0%)
Unknown 3/157 (1.9%) 6/270 (2.2%) 10/394 (2.5%)
Missing data 4 13 3
Risk group (no. patients/total) (%)
Low risk 1/127 (0.8%) 16/242 (6.6%) 40/381 (10.5%) < 0.0001
Intermediate risk 7/127 (5.5%) 26/242 (10.7%) 107/381 (28.1%)
High risk 119/127 (93.7%) 200/242 (82.6%) 234/381 (61.4%)
Missing patient data 34 41 16

Reason for selection of RT
(no. patients/total) (%)
Patient choice
Advanced or high-risk disease
Intercurrent disease
Medical contraindication
Old age
Other
NA or unknown
Missing data

8/136 (5.9%)
43/136 (31.6%)
0/136 (0.0%)
7/136 (5.1%)
37/136 (27.2%)
9/136 (6.6%)
32/136 (23.5%)

25

711268 (26.5%)
83/268 (31.0%)
0/268 (0.0%)
36/268 (13.4%)
44/268 (16.4%)
8/268 (3.0%)
26/268 (9.7%)

15

159/384 (41.4%)
121/384 (31.5%)
62/384 (16.1%)
0/384 (0.0%)
94/384 (24.5%)
6/384 (1.6%)
27/384 (7.0%)

13

Abbreviations: KPS = karnofsky performance status; PSA = prostate-specific antigen; RT = radiotherapy; NA = data not available;

SD = standard deviation.
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