g8

Z DD ER

B 1
EELITHREEFRSBELBRELOEEFERIMTR

mE (FHEE)
ENZBERICFENENDRRNSMTES LT TETLET,

B2
EEMETRIELEHINZIEE. BEAANICEHNHATINENNIEDLSIZHIBLT
WETH? AIHLFHREIEHLIDTETM?

E%E (F&EE)

HUEMIIBESADER. REOER., FL{DEREAFEZRELTHRLTEELEA,
RIEFRRICECRIELTETEY . ChoDEFEHFYEBERETIT—HMICELT H15484T
TETWET,

B3
EEFRTMREIOERZLTLVSETYT . BEOEMAED-OSMERELV-LET,

m%E (FHEE)

REBENBRICITIIEEENTY, BEOEHTHRELZEOLH TREYIZAAICET %
BETOICEOEEMEMRALEL . 3. BIBAMICIY AN TOETRIEENTT, BA%
BABETIIHEEEREHRILTOET  BMEDREAIRELLBOES  SHEGESD,

BHiE 4
1TAST1HBDERTOV R I ALICHEL TREMIEIZGEYEL=,

@M% (FEELE)
TDFIITFHIEL TV ZEZETHRRTY . SR EBLBLLBRAELNLELET .

23



&2

T RAFBET 7—MER

i RABABER—LR—UTO
T~ ER

MAICET BEMDOAFE Rk
n=55 ({EHE & T 4E)

100.0%

90.0% 87.3%

80.0%  764%

70.0%

60.0%

50.0%

40.0%

30.0%

20.0% 18.2% B

10.0% 55% .

0.0% L .

EHE HBNTEM  RE A 85 Zoft

21.8%

FRICHEET-UL\GEE

n=58 ({2 HEE AT 4E)

80.3%

40.0% = 36:4%
28.8%
22.7%

20.0% E L e - - 16.7%
10.0% .
0.0% —

BELRE HFRER MAUBET  ASABE Z 0t
FIBER

SE. BEEITGYENCE

n=60

BREMGHARRE MYTLEEE
n=62 ({2 X EE AT 4E)

70.0%

64.5% oo s
60.0%
53.2%
50.0%
435%
40.0%
30.0% 25.8%
20.0% s
100%
0.0% s —

AEEE SRR keEE  ASREE Zofk
(FH) (BS)  AAR)  GRLEY)

PLFHRAEICDONT

n=65




B2

RIFHRAEIZDOINT

MYt &

BABEFIZONT

n=55 ({E M EIE TT4E) n=64
100.0% o
90.0%
80.0% S e
70.0%
60.0%
50.0%
40.0%
30.0%
20.0%
10.0% 3.6%
0.0% —
it BitER L zoft
DABIEFICONT fMYf-L\& NAZERIZDNT
n=55 ({5 A& aTAE) n=64
90.0%

81.8%

80.0%
L 618%
60.0%
500%
40.0%
30.0%
200%
10.0%
0.0%

RADREE FAUBRET. NUAR~D
MERET SRt

60.0%

@
|z

BRERA Z0ft

NABERIZDNT Y=L\ &

n=51(E#EZ T )

90.0% -
78.4%
80.0%
- 708% N
70.0%
60.0%
50.0% i 43.1%
40.0%
30.0%
200% -
10.0%
0.0%
RABEOBITD BROHORD FROAES BEiE

BARER ARITEIION &

ayam)\}




BRI

PABRT o T—MER

TMRARBER—LR—TO
BRIT b ER

7 27— %8 (n=16)

R—LR—=TDINAZEIZETA2HE RS
AREZEIZHYELED,

To0—k 1
TEENSERCIREZEZZOEOME L=
SE.TIAN—DRELENETHN?

MRABZRART( PRI (n=7)

MABEHBART (KB (n=9)

Tr—bk 82
AN AZROFEEE=CEAHS 2

MNABERARSAFREE (n=7) NABEBRARSFREE (n=9)

To—k 3
i AAZEFRITERIEERS?

MABEHARTAFEE (n=7) NABZHRARSARREE (n=9)

To—k R4
Huigh VA B B () DERIE DERIEE X
9572

NABERARSFEE (n=7) MABERARTAFREE (n=9)




EH3

Tor—k /s
B DOEELZLDNAZIERIETSA/o—D
RETHDILEES?

MNABERARSIFREE (n=7)

HRABEHARTAEREE (n=9)

Tr—h 6
gAY A B 83 EE L TR T —42 DIk
EESNTIBE. TSI —DBRELES?

MNABZRARSINEE (n=7)

BNABERARSEKREE (n=9)

Tor—k 7
B B0 BAKRICHIEAAZFEN TN LT
NETHBIERELD?

MABZRARSFEE (n=7)

MABEIRARTARRBIK (n=9)

FAFREEEC/
%Ly, 11.1%

Tr—hk s
AN A B FRAVME R FRBALLICEESh b &
g 55ES

TIAN—DBEERBELS — 54321 - HAML. HIEOASELERTS
NABERARSAFHEE (n=7) MAZEHARTIFRESE (n=9)




&Hl3

NABRT U T—MER

i RAREES B ICERL /-
BRTUT—MER

Tor—rE%E T2
%51 (n=100)

TUor—rEIEE B
F1H (n=99)

801%, 2.0% ._201%,3.0%
e

301%, 5.1%

T2r—k 1 (n=196)
TERANSERNIBRZZZOHDOAEL-1E
B.TSAN—DEELES?

7 2r—hk [E2 (n=199)
AN ABFOEEZE-CENHB ?

T 2r—k [3 (n=199)
Mg NA BRI ERLLERS 2

hhsi,

G 0y

Bbiy, 1.0%




&3

T r—hk 4 (n=197)

Huig AN A B8R (FIE) OEFHE DG b E X
#9357

T 27—k {5 (n=195)
BRI DRBLZLDNABEIETSA N —D
BELES?

7 2/r—h 6 (n=190)

Mg AN A B B L TR T—2 DR HEIK
FSNGE ., T4\ —DBELES?

T2r—k B7 (n=189)
BHEOBEBIKICHIBAAZ RN EET
DNETHEHERELE?

T /r—h 8 (n=183)

Hutst N A B SR AME R ER B LISRESh B2 &
[T DREFDL

TIAN—DREFRELD — 54321 - A, §IEOARELEETS




IV. WFZREROTIITY - Bk

82



OO -TA LA WK —

Q1

Int, J. Radiation Oncology Biol. Phys., VoL. M, No. M, pp. 1-11, 2010
Copyright © 2010 Elsevier Inc,

Printed in the USA. Al rights reserved

0360-3016/09/$-see front matter

doi:10.1016/j.ijrobp.2009.10.019

CLINICAL INVESTIGATION

JAPANESE STRUCTURE SURVEY OF RADIATION ONCOLOGY IN 2007 BASED ON
INSTITUTIONAL STRATIFICATION OF PATTERNS OF CARE STUDY

Terukt TesamMa, MLD.,* Hopaka NuMAsAki, PH. D * Hrrosm SHBUYA, M.D.,!
MasaMICHT Nisuio, M.D., t HIROSHI Ixepa, M. D Kenir SEKIGUCHI M.D., L
Normko Kamkonya, M.D.,Y Masarmko Kozumr, M.D.;¥ Ma§ao Taco, ML.D.,**
Yurtaka Anpo, M.D., t NosUrITo Tsukamoto, M.D.,* ATs(iR0 TeraHARA, M.D., 5

Katsumasa NAKaAMURA, M.D., I Micamme MITSUMORI, M. D

L -TeTsuo Nisummura, M.D., ##

AND MasaTo HAREYAMA, M.D., ek JAPANESE SOCIETY OF THERAPEUTIC RADIOLOGY AND ONCOLOGY

DATABASE COMMITI‘EE

*Department of Medical Physics & Engmeermg, Osaka Umversuty Graduate School of Medlcme, Sulta Japan, "Department of
Radiology, Tokyo Dental and Medlcal University, Tokyo, Japan; iDepar(ment of Radiology, National Hospxtal Organization Hokkaido
Cancer Center, Sapporo, Japan; $Department of Radiation Oncology, Sakai Municipal Hospital, Sakai, Japan; ""Department of Radiation

Oncolo

, St. Luke’s International Hospital, Tokyo, Japan; Depar(ment of Radiology, Hyogo College of Medicine, Nishinomiya,

Japan; Oncology Center, Osaka University Hospital, Suita, Japan; **Department of Radiology, Toho University Omori Medical
Center, Tokyo, Ja an; ﬁDepamnent of Medical Informatics, Heavy Ton Medical Center, National Institute of Radiological Sciences, .
Chiba, Japan; ¥Department of Radiation Oncology, Saitama Medical Umversxty International Medical Center, Saitama; Japan;
$Department of Radlology, University of Tokyo Hospital, Tokyo,

Beppuy, Oita, Japan;

Kyoto, Japan; ™ Division of Radiation Oncology, Shizuoka Cancer Center, Shizuoka, Japan; an

an; ! Department of Radiology, Kyushu University Hospital at

YDepartment of Radiation Oncology and Ima; e-apphed Therapy, Graduate School of Medicine Kyoto University,

and ***Department of Radxology, Sapporo

Medical Umversxty, Hokkaido, Japan

Purpose. To evaluate the ongoing structure of 1 dlatmn oncology in Japan in terms of equlpment, personnel pa-
tient Ioad, and geographic distribution to ldentxfy and'i improve any deficiencies.
Methods and Materials: A questionnaire-based nahonal structure survey was conducted from March to December

- 2008 by the Japanese Society of Therapeutic

adiology and Oncology (JASTRO). These data were analyzed in

terms of the institutional stratification of the Pitterns of Care Study.

- - Results; The total numbers of new cancel

* Knife,45 “Co remote-controlled after-loadingand 123
linear accelerator systems used dual-
apy in 555 (68.8%), and intensity-
diation oncologists, 826.3 full-time'e

2007 w were ¢ estimated at 181,000 and 218,000 respective ty;zTh

ients and total cancer patients (new and repeat) treated with radiation in
ere were 807 linear accelerator; 15 telecobalt, 46 Gamma
Ir remote-controlled after-loading systems in actual use. The
ergy ﬁmchon in 539 units (66.8 %), three-dimensional conformal radiation ther-
,‘t'ed radiation therapy in 235 (29.1 %). There were 477 JASTRO-certified ra-
ent (FTE) radiation oncologists, 68.4 FTE medical physicists, and 1,634 FTE

eequr
radiation therapists. The number of interstitial radiotherapy (RT) administrations for prostate, stereotactic body radio-

therapy, and mtensnty-modulate
clearly identify the maturity
JASTRO-certified physicia

radiation therapy increased significantly. Patterns of Care Study stratification can
tures based on their academic nature and caseload. Geographically, the more
there were in a given area, the more RT tended to be used for cancer patients. - '

Conclusions: The Japanese structitre has clearly improved during the past 17 years in terms of equipment and its

use, although a shortage of personnel and variations in maturity disclosed by Patterns of Care Study stratification
0 .

were still problemahc ) 2010 Elsev1er Ine.
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INTRODUCTION

The medical care systems of the United States and Japan
have very different backgrounds. In 1990 the Patterns of
Care Study (PCS) conducted a survey of the structure of ra-
diation oncology facilities in 1989 for the entire census of
facilities in the United States (1). In 1991 the Japanese So-
ciety of Therapeutic Radiology and Oncology (JASTRO)
conducted the first national survey of the structure of radio-
therapy (RT) facilities in Japan based on their status in
1990, with the results reported by Tsunemoto (2). The first
comparison of these two national structure surveys to illus-
trate and identify similarities and differences in 1989-1990
was conducted by Teshima er al. (3) and reported in 1996,
The resultant international exchange of information proved
especially valuable for Japan, because we could improve
our own structure of radiation oncology based on those
data.

a greater number of cancer patients who are treated with radi-
ation as well as public awareness of the importance of RT. The
Japanese Society of Therapeutic Radiology and Oncology has
conducted national structure surveys every 2 years since 1990
(4),and in 2006 an anticancer law was enacted in Japan, which
strongly advocates the promotion of RT and an increase in the

number of radiation oncologists (ROs) and medical physi- .
cists. The Japanese Ministry of Education, Sciences, and": :

Sports is supporting the education of these specialists at uni-

versity medical hospitals. Findings of international compan-"'
sons and the consecutive structural data gathered:“and
published by JASTRO have been useful for an understanding ..
of our current position and future direction (4, 5). In this report 3

the recent structure of radiation oncology in Japan is’
and compared with the data of 2005 (5).

METHODS AND MATERIALS

From March to December 2008, JASTRO coﬁdu o question-
naire based on the national structure survey ¢ ofradlauon oncology in

The Japanese structure has gradually improved in terms of

Volume M, Number M, 2010 -

2007. The questionnaire dealt with the number of treatment ma-
chines by type, number of personnel by category, and number of pa-
tients by type, site, and treatment modality. To measure variables
over a longer period of time, data for the calendar year 2007 were
also requested. The response rate was 721 of 765 active facilities
(94.2%). The data from 573 institutions (79.5%) were registered
in the International Directory of Radiotherapy Centreés in Vienna,
Austria, in October 2008.

The PCS was introduced in Japan in 1996 (6-15). The Japanese

- PCS used methods similar to those of the American version, which .

used structural stratification to analyze national averages for the data
in each survey item by means of two-stage cluster sampling. We
stratified RT facilities” throughout the country into four categories
for the regular structure surveys. This stratification was based on ac-
ademic condmons and the annual number of patients treated withra-
diation at each mstltulmn, because academic institutions require and
have ‘access to ‘more resources for education and training whereas
the annual caseload ‘also constitutes essential information related |,

to structure, For the’ study reported here, the following institutional ¢s

stratificatio :was used: Al, university hospitals/cancer centers treat-
ing 440° patxents or more per year; A2, university hospitals/cancer
centers treating 439 patients or fewer per year; B1, other national/
pubhc hospitals treating 140 patients or more per year; and B2, other
national‘hospital/public hospitals treatmg 139 patients or fewer per

year.

We used SAS 8.02 (SAS Institute, Cary; NC) (16) for, statistical

E "analyses, and statistical ‘significance was tested. by means of chi-
square test, Student ¢ test, or analysis of variance.

RESULTS

Current situation pf radiation oncology in Japan

Table 1 shows that the numbers of new patients and total
patients (new plus repeat) undergomg radiation in 2007
were estimated at 181 ;000 and 218,000, respectively, show-
ing a 7.3% increase over 2005 o). According to the PCS
stratification of institutions, 40.1% of the patients were
treated at academic institutions (Categories Al and A2),
even though these academic institutions constituted. only
18.6% of the 765 RT facilities nationwide.

Table 1. Pattems of Care Study stratification of radiotherapy facilities in J apan

Avetage new
‘New patients/  Total patients Comparison - Average total - Comparison
Institution Facxht{es patients - “facility* . (new + repeat) with patients/ with
category Description )= (n) n 1)) data of 2005" (%) facility* (n) . data of 2005 (%)
Al UH and CC (=440 = “71 49,866 7023 60,398 10.0 850.7 23
patients/y) - 9 : ’ :
A2 UH and CC (<440 17,974 2532 21,867 2.1 308.0 -3.6
patients/y) ‘
Bl Other (=140 288 78,154 2714 94,188 6.1 327.0 6.8
patients/y) , , -'
B2 Other (<140 291 24,235 - - 833 28,634 9.6 98.4 8.8
, patients/y) :
Total : e 721 170,229 - 236.1 205,087 73 2844 59
s: UH = university hospital; CC = cancer center hospital; Other = other national, city, or public hospital.
Rate of irciease compared with data of 2005. The calculatmg formula was as follows: 229 207 (n)data of 2005 (v) ¢ 1) (%), o

/ * The number of radiotherapy institutions was 765 in 2007, and the nimber of new ' patients was esémated at approximately 181,000; the
corresponding number of total patients (new plus repeat) was 218,000.
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The cancer incidence in Japan in 2007 was estimated at
692,502 (17), with approximately 26.1% of all newly diag-
nosed patients treated with radiation. This number has in-
creased steadily during the last 17 years and is expected to
increase further (12). In 1990 the rate was estimated to be ap-
proximately 15% (3). The corresponding rates were 16%,
17%, 20%, 22%, 23.3% (4), 24.5% (5), and 26.1% in 1995,
1997, 1999, 2001, 2003, 2005, and 2007, respectively.

Facility and equipment patterns

Table 2 shows an overview of RT equipment and related
functions. There were 807 linear accelerator (linac) systems,
15 telecobalt systems, 46 Gamma Knife systems, 45 °Co re-
mote-controlled after-loading systems (RALSs), and 123
192y RALSs in actual use. The linac system used dual-energy
function in 539 units (66.8%), three-dimensional (3D) con-
formal radiation therapy (CRT) in 555 (68.8%), and inten-
sity-modulated radiation therapy (IMRT) in 235 (29.1%).
The IMRT function was used more frequently in the equip-
ment of academic institutions (Al, 61.6%; A2, 31.9%) than
that of nonacademic institutions (B1, 26.4%; B2, 13.0%).
However, 3D CRT functions were disseminated widely in
both academic and nonaicademfc institutions, with more
than 50% even in B2 institutions. Image-guided radiation
therapy functions have been gradually spreading from Al in-

stitutions (28.5%) to the other types of institutions (8.2% to

11.1%), although the rate of expansion has remained low.

The annual numbers of patients per linac were 400 for Al in-.

stitutions, 238.6 for A2, 296.2 for B1, and 98.4 for B2, The
number of institutions with telecobalt in actual use shiowed

a major decrease to 15, and Gamma Knife was mstalled:
. more frequently in' Bl and B2 institutions. A srgmﬁcant Te-

placement of ®°Co RALSs with 2Ir RALSs was observed
especially in academic institutions, whereas the" ‘number of
new-type °Co RALSs in use did not increase,.Six pai‘trcle
machines were regrstered in this survey, two, with. carbon
beam and five with proton beam irradiation. O
at Hyogo is delivering either carbon or pr Although HI-
MAC at Chiba has two synchrotrons, it Was registered as one
machine in the 2007 survey. The total number'of new cancer
patients treated at these six institutions was estimated at 1,643
(0.9% of all new patients in Japan). Twenty—one advanced in-
stitutions were included in the A1-Category and treated more
than 800 patients per year. They.were-equipped with linac

~with dual-energy function (77.6%.0f the institutions), 3D

CRT function (91.4%), and IMRT function (65. 5%), as
well as with '*Ir RALS (85.7%) and a computed tomogra-
phy (CT) simulator (95. 2%). s

Table 3 shows an overview of RT plannmg and other
eqmpment X-ray simulators were installed in 60.9% of all
institutions and CT simulators in 65.6%, with the latter
exceeding the former for the first time in 2007. There was
a significant difference i in the rate of CT simulators mstalled
by institutional stratxﬁcatlon from 93% in Al mstm.mons to
52.6% in B2 institutions. Very few institutions used magnetic
resonance imaging for RT only, whereas computer use for
RT recording was pervasive.

Staffing patterns and patient loads

Table 4 shows the staffing patterns and patient loads by
institutional stratification. ‘“‘Full time or part time” indicates
the style of employment. Even full-time ROs must share the
diagnosis in a week in smaller institutions like B2 institu-
tions. We considered that these numbers were not sufficient gg
for accurate evaluation of personnel. Therefore full-time
equivalent (FTE) (40 hours/week only for radiation oncol-
ogy service) data were surveyed depending on clinical
working hours for RT of each person. For example, FTE
of a persorr who has 4 days working is 0.8 and that of 1
day is 0.2. The FTE/of an institution that has 3 persons
with 0.8, 0.2, and 0:4 is calculated as 1.4 in total. This is
a measure to represent actual peérsonnel at each institution.
The total number of FTE ROs in Japan was 826.3, whereas
the average numbers were 4.3 for Al institutions, 1.4 for
A2, 1.0 for’ B1, and 0.5 for B2. The number in B1 institu-
tions 1mprove_d} by 12.1% compared with 2005 (5). The
overall‘patient load per FTE RO in Japan was 248.2, and
the numbers for Al, A2, Bl, and B2 institutions were
200.1,.218.2, 327.3, and 209.9, respectively, with the pa-
tient load for B1 institutions bemg by far the highest. The
increase in the rate of FTE ROs was 6.7% over 2005 (5).

:In Japan 39% of the institutions providing RT have their

own ‘designated beds, where ROs must also take care of

.~ their inpatients. The percentage distribution of institutions
. by patient load per FTE RO is shown in Fig. 1, indicating

that the largest number of facilities featured a patient/FTE

" staff level in the 101 to 150 range and the second largest

number: was in. the 151 to 200 range. The blue areas of
the bars show that 56% of the institutions (405 of 721)
had fewer than 1 FTE RO. Compared with the data of
2005 (35), the patient load is shifting to'a larger volume.

A similar trend was observed for RT technologists and their
patient load by institutional stratification. The percentage dis-
tribution of institutions by patient load per radiation technol-
ogist is shown in Fig. 2. The largest number of facilities had
a patient-per—RT technologist level in the 101 to 120 range,
with the second largest number showing a range of 61 to 80
and the third largest showing a range of 121 to 140. There
were 68.4 FTE medical physicists and 106.6 RT quality as-
surance (QA) staff. For this survey, personnel numbers
were checked for duplicate reporting by individual identifica-
tion on staffing data, and these data will be analyzed in detail
in another report. Finally, there were 494.4 FTE nurses.

Distribution of primary sites, specific treatment, and
palliative treatment

Table 5 shows the distribution of primary sites by institu-
tional ; stratification. The most common disease site was
breast, followed by lung/bronchus/medlasnnum and genito-
urmary sites. In Japan the number of patients with prostate

* cancer undergomg RT was 16,225 in 2007, an increase of

22.7% over 2005 (5). By disease site, the rate of increase
was the highest for prostate cancer, at 22.7%; the second
highest was for breast cancer, at 20.1%; and the third highest
was for lung cancer, at 14.9%. Stratification of institutions
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Table 3. Radiotherapy planning and other equipments by Pattems of Care Study institutional stratification
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indicates that the rate of increase was notable for lung at A1,
B1, and B2 and the corresponding rates for prostate cancer
were high at A1, A2, and B1, from 24.7% to 26.2%. On the
other hand, the corresponding rate for breast was the lowest
(15.6%) at Al, whereas those at A2, B1, and B2 ranged
from 20.7% to 22.5%.

Table 6 shows the distribution of usage of specific treat-
ments and the number of patients tredted with these modal-
ities by PCS stratification of institutions. Use of interstitial
irradiation, radioactive iodine therapy for prostate cancer,
stereotactic body_,RT and IMRT increased significantly
by 19.0%, 52.4%, 50. 2%, and 270.7%, respecuvely, over

2005 (5). On the othier hand, the use of i mtraoperaﬂve RT de- g9

creased sxgmﬁcantly by 35.1% and that of hyperthenma de-
creased by 41, 5‘7 “*Institutional stratification shows that
there was:a dramanc increase of 623.6% in the use of
IMRT in BL (5). In 2007, 58 institutions (8%) actually
used IMRT _This percentage was significantly lower than
235 lmac systems with IMRT function (29.1%) as shown
in Table 25

TabIc 7 shows the number of patients w1th brain or
bone thetastasis treated with radiation: accordmg to the.

+-same institutional stratification. The B1 institutions treated

., more patients with brain metastasis (13.9% of all patients)

" than other types of institutions, whereas usage of radiation
.~ for bone metastasis ranged from 11.4% for Al to 17.4%
. for B2." Overall, more patients with - bone . metastasis
‘were treated with radiation at nonacademic than at aca-

demic institutions. Compared with the data of 2005 (5), -
the number of patients with brain metastasis increased
by 38.6%.

Geographlc patterns

Figure 3 shows the geographlc distributions for 47 pre-
fectures of the annual number of patients (new plus repeat)
per 1,000 population arranged in order of increasing number
of JASTRO-certified ROs per 1,000,000 population (18).
There were significant differences in the use of RT, from
0.9 patients per 1,000 population (Saitama and Okinawa)
to 2.1 (Mlyagx) The average number of patxents per 1,000
population per quarter ranged from 142 to 1.69
(p = 0.0996). The more JASTRO-certified physxclans there
were in a given area, the more RT tended to be used for can-
cer patients, although the correlation was of borderline sig-
nificance. A similar trend was observed in 2005 (5). The
utilization rate of RT in every prefecture increased in
2007 compared with 2005. However, the rate in 2007 was

- not related to a prefecture’s population density, as we also

observed in the data for 1990 ©F

DISCUSSION a ‘

In 1990 there were fewer facxhtles for radiation treatment
and patients treated with radiation in Japan than in the
United States However, the numbers of patients in Japan in-
creased significantly during the next 17 years by a factor of
2.8 compared with the number in 1990 (3). However, the
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Table 4. Structure and personnel by Patterns of Care Study institutional stratification

Structure and personnel
Comparison with
Al (a=T71) A2 (n=T1) Bl (n=288) . B2(n=291) Total (n = 721) data of 2005* (%)

Institutions/total 9.8 9.8 39.9 40.4 100 —
institutions (%) :

Institutions with RT bed 59 (83.1) 35(49.3) 120 (41.2) 67 (23.3) 281 (39.0) —2.1(-1.3%
Q)

Average RT beds/ 12.9 32 2.8 1.0 3.1 —139
institution (n) )

No. of ROs (full time + 350 + 47 142 +35 336 + 188 179 + 264" 1007 + 534 6.1
part time) '

JASTRO*-certified ROs* 198 64 169 477 12.0
(full time) |

Average JASTRO- 2.8 0.9 0.6 . 0.7 16.7
certified ROs/institution s . .

Total (full time anid part 301.9 100.2 287.8 = 136. 826.3 6.7
time) RO FTE* L

. Average FTE ROs/ © 43 14 1.0 0 1.1 0.9

institution

Patient load/FTE RO 200.1 218.2 3273 .209.9 2482 0.6

No. of RT technologists 471 + 24 267 +17 1046 + 31 - 833+3 2617 +65 —
(full time + part time)

Total (full time and part 375.8 178.7 648.9 430.7 1634.1 , e
time) RT* technologists .

Average FTERT 53 2.5 23 1.5 2.3 —

* technologists/institution S

Patient load/FTE RT 160.7 122.4 21452 ¢ 66.5 1255 —
technologist s e

No. of nurses (full time + 162 + 16 129+ 11 - 454 + 72 319 + 38 1064 + 137 689
part time) ,

Total (full time and part 118.5 57.7 220.9 97.3 494.4 —
time) nurses FTE

No. of medical physicists 80+2 37+2 <104+ 6 47+1 268 + 11 129.1
(full time + part time) :

Total (full time and part 26.2 214 . 8.5 68.4 ' —_—
time) medical physicists

No. of RT QA staff (full 132+ 1 222 +5 104+0 528 +8 105.6
time + part time) '

Total (full time and part 315 464 16.6 106.6 —
time) RT QA staff FTE :

Abbreviations: Al =university hospxtals/cancer centers treating 440 patlents or more per year; A2 = university hospitals/cancer centers treat-
ing 439 patients or fewer per year; B1 = other: natwnal/pubhc hospitals treating 140 patients or more per year; B2 = other national hospital/public
hospitals treating 139 patients or fewer per year: RT = radiothérapy; RO = radiation oncologist; JASTRO = Japanese Society of Therapeutic
Radiology and Oncology; FTE = full-time equivalent (40 hours/week only for RT practice); QA = quality assurance.

Data in parentheses are percentages. * time or part time” means only the style of employment at each institution. However, FTE data
wete stirveyed depending on clinical Working hours for RT of each person. This is a measure to r resent actual personnel at each institution.

* Rate of increase compared with: data of 2005. The calculating formula was as follows: 2222 Za(:f) data of 2003 ) % 100 (%)

Companson with data of 200 The_:calculatmg formula was as follows: Data of 2007 (%) = Data of 20(0% (%).

utilization rate of radiation for new cancer patients remained
at 26.1%, less than half that recorded in the United States and
European countries, although the rate increased slightly, by
0.8% per year between 2005 (5) and 2007. For the implemen-
tation of the anticancer law, comparative data of the structure
of radiation oncology in Japan and in the United States, as
well as relevant PCS data, proved to be very helpful.
Compared with 1990, the number of linac systems- in-
creased significantly by a factor of 2.45 and grew by 5.5%
over 2005 (5) whereas the percentage of systems using tele-

cobalt decreased to only .15. Furthermore, the various
functions of linac, such as dual energy, 3D CRT (multileaf
collimator width <1 cm), and IMRT, improved significantly.
The number of HDR RALSs in use has increased by 1.4 1

times, and °Co RALSs have been largely replaced by I =

"RALSs.In 2007 CT snnulators were installed in 65.6% of in-

stitutions throughout the country for a 10.3% increase over
2005 (5) and exceeded the percentage of X-ray simulators
(60.9%). Radiotherapy planning systems were used in
95.3% of institutions, for an increase in the number of
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669  %institution time ROs. There are two reasons for this. First, the number
670 250 of cancer patients who require radiation is increasing more
671 rapidly, by 7.3% in the last 2 years, than the number of
672 C] tontition with o= 1 FIE RO, (m,,') : FTE ROs, which grew by 6.7% during the same period. Sec-
673 Il stintion with <1 FTERO. @2007) ond, specialist fees for ROs in academic institutions are not
674 “ "‘*’f“’f’""ﬁ"‘:“mk‘f @09 ] recognized by the Japanese medical care insurance system,
675 L losihaion wit <1 FTERO” G009 which is strictly controlled by the government. Therefore
676 most ROs or other oncologists at academic institutions

o “must work part time at affiliated hospitals in the B1 and B2

é groups to earn a living. To reduce the number of institutions

e 71 that rely on part-time ROs and thus may encounter problems

yonp P

o AR 5

2 i Q 7 with their quality of €ate, a reform of Japan’s current medical

bt ;oo f 400 ' %5005‘ E;o: T T care system, especxally as it applies to staff at academic insti-

E

g pumber of patieats/ FTER.O. tutions, is required pased on freatment outcome. However,

677  Fig.1. Percentage of institutions by patient load per full-time equiv-
678  alent (FTE) staff of radiation oncologists (RO) in Japan. White bars
or gray bars represent institutions with 1 or more FTE staff, and blue

679 bars or aqua bars represent institutions with fewer than 1 FTE RO.
680 Spacing of the bars répresents intervals of 50 patients per FTE RO.
681  Asterisk, The number of FTE:s for institutions with FTE fewer than 1 load and real cost. Even under current conditions, however,
682  was calculated as FTE equal to 1 to avoid overestimating patient the- number of FTE ROs increased by 2.26 times compared.
683 " load per FTE RO. with 1990 (3), with a 6.7% increase over 2005 (5). On the
684 .other hand, patient load per FTE RO also increased by 1.44

685  radiotherapy planning systems of 5.54 times compared with . times to 248.2 during the same period, that is, a 0.6% increase
686 1990 (3). Maturity of the functions of hnalc9 :nd possession L over 2005 (5). This may reflect the growing popularity of RT
687  rates of CT simulators and systems using ™ Ir RALS also - ~because of an increase in the elderly population and recent
688  improved further compared with 2005 (5) but still closely advances in technology and improvement in clinical results.

689  comelated with the PCS institutional stratification, which, ~ The caseload ratio in Japan has already exceeded the limit of
690. could therefore aid in the accurate discrimination of structural ™ . the Blue Book guidelines of 200 patients per RO and has

maturity and immaturity and thc identification.of stru‘ctﬁral,»f been getting worse (19, 20). The percentage distribution of
691 targets for improvement. ' institutions by patient load per RO showed a smaller distribu-
692 The staffing patterns in Japan also improved i in termS f o o that n the United States in 1989 (3) but also showed

693 numbers. However, lﬂstltutlons with fewer than FTE RO a maj or Sh’ift toa lafger Sizc in 2007 compared with 1990 (3).

ggg :1>r14t;1::1:1 ;ctz:;ffea ::chfnc;:rr;td fovrv lsﬂf‘%; ggglo:::;de(:,sie%r‘h ;rel?onri Therefore Japanese radiation oncology sc:.iems to be catching
: up quickly with the Western system despite limited re- -
696  more than half the institutions in Japan still r y on part- scl))urces Furthermore, additional recruiting and education
697 \ of ROs are still top priorities for JASTRO.
698 %2?:‘““"“ The distribution of patient load per RT technologist shows
699 ' ' . that only 14.7% of institutions met the narrow guideline
700 | [ tosttution with > 1 FTE radiclogical techmologist (2007) range (100-120 per RT. technologist) and the rest were
701 150 - Insitation with < | FTE radiologieal tshoclogist” 2007) | | . densely distributed around the peak level. Compared with-
702 focf, Tuton with rdilogic etpologit (2005) the distribution in the United States in 1989, nearly 18% of
703 ' institutions in Japan had a relatively low caseload of 10 to
704 60, because there are still a large number of smaller
705 B2-type institutions, which account for nearly 40% of institu-
o tions that do not attain the range spemﬁed by the guidelines.
w As for medical physmlsts, a similar analysis for patient load
% per FTE staff remains difficult, because their number was
[ Eﬁ A very sma11 and they were working mainly in metropolitan ‘
g P o '30:’“‘3 e areas. In Japan, however, RT technologists have been acting
E A’mmmmber of patients/ radiological technologist partly as medical physicists. Their education has' been
changed from 3 to 4 years during the last decade; and gradu-
706 fllg tZ(FI;;r;eﬂgag;lOfmSﬂtmtﬁﬂsl byptatle?tk;idgerﬁﬂl-tu?:heq;xw ate and postgraduate courses have been introduced. Cur-
en radiothera; ecnnologist 1 Jaj acmg o1 the bars ‘
38'87 representsintey als.of% patients ger i s‘: o Aitenstlgc T itan- tently, those who have obtained a master’s degree or RT
ber of FTEs for institutions with FTE fewer than 1 was calculated as technologists with enough clinical experience can take the
709 FTE equal to 1 to avoid overestimating patient load per FTE radio- examination for qualification as a medical physicist, as can
710  therapy technologist. those with a master’s degree in science or engineering, like
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Table 6. Distribution of specific treatments and numbers of patients treated with these modalities by Patterns of Care Study stratification

of institutions
Al(n=171) A2(n=T1) B1 (n =288) B2 (n=1291) Total (n =721)
Comparison with
Specific therapy n % n % n % n % n % data of 2005* (%)
Intracavitary RT
Treatment facilities 65 915 32 451 70 243 5 1.7 172 239
Cases - 1,795 497 925 18 3,235 -0.3
Interstitial RT )
Treatment facilities 51 718 19 26.8 22 7.6 S 1.7 97 135
Cases 1,968 392 895 46 : 3,301 19.0
Radioactive iodine -
therapy for prostate e
Treatment facilities 43 60.6 12 16.9 22 7.6 1 .03 78 10.8
Cases . 1,613 31 759 7 ¢ 52,690 524
Total body RT .
Treatment facilities 64 901 34 479 68 236 19.+:.6.5 185 25.7
" Cases 701 185 688 133 : 1,707 -1.8
Intraoperative RT
Treatment facilities 15 211 9 12.7 10 35 e 41 57
Cases , 92 39 105 157 251 - =351
Stereotactic brain RT ' R,
Treatment facilities 40 563 24 338 92 319 7 %300 103 186 258
Cases ‘ 1,920 433 8,805 ) JI 396 12,554 12.9
Stereotactic body RT S
Treatment facilities 43  60.6 14 19.7 54 188 12 4.1 123 171
Cases 878 204 1,189 S 219 2,490 50.2
Treatment facilities 25 352. 4 5.6 25 7 8.7 4 14 58 8.0
Cases 1,142 38 1,534  ~ . 85 2,799 270.7
Thermoradiotherapy L, :
Treatment facilities 8 113 5 7.0 8 28 2 0.7 23 32 :
Cases : 233 34 © 69, 4 340 ' —~41.5

Abbrevtattons Al= umversxty hospitals/caricer centers treatmg 440 patients or more per year; A2 = university hospitals/cancer centers treat-
ing 439 patients or fewer per year; B1 = other national/public hospxtals treating 140 patients or more per year; B2 =other natlonal hospital/public
hospitals treating 139 patients or fewer per year; RT = radiotherapy; IMRT = intensity=modulated radiothera

* Rate of increase compared with data of 2005. The calculatmg formula was as follows:

those in the United States or Europe. In Japan unique, hy- .

brid-like education system for medical phys101sts ‘has been
developed since the anticancer law actively ¢
improvement in QA/quality control spec1ahzatxon for RT.
However, the validity of this education‘an u'ammg system
remains to be proven, not only for Q\' quahty control but
also for unique research and developm 1 activities. The
discrepancy between FTE medical physxc1sts and the number
of registered medical physicists inJaparr reﬂects the fact that

DY.
data of 2007 (n)—data of 2005 {n
S :fZOOS T x 100 (%)

their role in the clinic is not recogmzed as a full-time position
only for medical physxcs service.

’I‘he distribution of the primary. site for RT showed that
more lung caricer patients were treated in B1- or B2-type non-
academic institutions whereas more head-and-neck cancer
patients were treated in A1- or A2-type academic institutions.
These findings may reflect the fact that more curative patients
are referred to academic institutions and more palliative pa-
tients with lung ¢ancer are treated at nonacademic institutions

Table 7. Brain metastasxs or bone metastasis patients treated with radiotherapy in 2005 by Patterns of Care Study institutional

stratification -

No. of patients

Al (n=1T1) A2(n=171) B1 (n=288) V B2 (n=291) Total (n=721) ,
: : Comparison with
Metastasis n % n % n n % n % data of 2005* (%)
Bin 3761 62 1402 64 13097 - 139 2977 104 21237 104 386
Bone 6,893 114 72761 12,6 13,332 142 4, 984 174 27.970: 13.6° ‘1.8

Abbreviations: A1 = university hospitals/cancer centers treating 440 patlents or more per year; A2 = university hospxtals/cancer centers treat-
ing439 patxents or fewer per year; B1 = other national/public hospitals treatmg 140 patients or more per year; B2 = other national hospital/public

hospitals treating 139 patients or fewer per year.

* Rate of increase compared with data of 2005. The calculating formula was as follows

data of 2007 (n)~data of 2005
-2 dara(a"} zoosﬂ&) ) x 100 (%)
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Fig. 3. Geographic distribution for 47 prefectures of annual num-
bers of patrents (new plus repeat) per 1,000 population arranged
in order of increasing number of Japanese Society of Therapeutic
Radiology and Oncology (FASTRO)—certified radiation oncologists
(ROs)/1,000,000 population by prefecture: Q1, 0-25%; Q2,
26-50%; Q3, 51-75%; and Q4, 76~100%. Horizontal lines show
average annual number of patients (new plus repeat) per 1,000
prefectural population per quarter.

in Japan. However, the increase in the number of lung cancer
patients in A1 institutions and that in prostate cancer patients

in Al-, A2-, and B1-type institutions in 2007 were notewor- E
thy. This suggests that the use of stereotactic body RT for -

lung cancer in Al and of 3D CRT: for prostate cancer .in

Al, A2, and B1 increased in 2007. The number of patwnts"’f*-‘
with brain metastasis increased significantly by 38.6%:over,
ons 2005. This may also reflect dissemination of stereotactic
body RT for brain metastas1s The use of specific n'eatments”

1. Owen JB, Coia LR, Hanks GE. Recent patterns of growth in
radiation therapy facilities in the UnitedStates: A Pattems of

" Care Study report. Int J Radiat Oncol Bio Phys 1992;24:983-986.

2. Tsunemoto H. Present status o panese radiation oncol-
ogy: National survey of strict 4]

" Japanese Society of Therapeutic Radxology and Oncology;

3. Teshima T, Owen JB, Hanks GE"¢f al. A comparison of the
structure of radiation oncology ifi:the United States and Japan:
Int J Radiat Oncol Biol Phys.1996,34:235-242.

4. Shibuya H, Tsujii H. The struc characteristics of radiation
oncology in Japan in 2003. Int J Radzat Oncol Biol Phys
2005;62:1472-1476.

5. Teshima T, Numasaki H, Shrbuya H, et al. Japanese structure
survey of radiation oncology in.2005 based: on - institutional
stratification of Patterns of Care Study. Int J Radiat Oncol
Biol Phys 2008;72:144-152.

6. Tanisada K, Teshima T, Ikeda H, et al. A prehmmary out-

come analysis of the Patterns of Care Study in Japan for -

esophageal cancer: patients: with special reference to- age:
Non-surgery group. Int J Radiat Oncol Biol Phys 2000;46:
1223-1233.

Volume M, Number M, 2010

of care, as reflected in structure, process, and possibly out-
come for cancer patients, continued to be prevalent in Japan
in 2007. These differences point to opportunities for im-
provement. The Japanese PCS group published structural
guidelines based on PCS data (20), and we are using the
structural data obtained in 2007 to revise the Japanese struc-
tural guidelines for radiation oncology. The use of intraoper-
ative RT and thermoradiotherapy decreased significantly, so
these two modalities may not be considered as mainstay treat-
ments anymore in Japan.

Geographic patterns ;showed that there were- significant
differences among prefectures in the use of RT, and the num-
ber of JASTRO—cemﬁed physicians per population was asso-
ciated with the utrhzanon of RT in both 2005 (5) and 2007, so
a shortage of, ROs r”medlcal physicists on a regional basis
will remain a maJor concemn in Japan. However, the overall
utilization rate .of tadiation in 2007 improved further com-
pared wrth'iZOOS (5). The Japanese Society of Therapeutic
Radlology and Oncology has been making every effort to re-
cruit and ediicate ROs and medical physicists through public
relauons, to establish and conduct training courses at aca-
demic ifistitutions, to become involved in the national exam-

ination for physicians, and to seek an increase in the
.. reimbursement by the government-controlled insurance
scheme and other actions.

In conclusion, the Japaniese structure of radiation oncology

.has clearly and steadily improved over the past 17 years in

terms of installation and use of equipment and its functions,

" although a shortage of personnel and differences in maturity

by type of institution and by caseload still remain. Structural

- immaturity is an immediate target for i improvement, whereas

for improvements in process and outcome, the PCS and
National Cancer Database, which are currently operational
and the subject of close examination, can be expected to
play an important role in the near future in Japan.
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Abstract

Background. The structure of radiation oncology in desig-
nated cancer care hospitals in Japan was investigated in
terms of equipment, personnel, patient load, and geographic
distribution, and compared with the structure in other
radiotherapy facilities. .
Methods. The Japanese Society of Therapeutic Radiology
and Oncology (JASTRO) conducted a questionnaire survey
about the national structure of radiation oncology in 2005.
In the current study, the structures of 326 designated cancer
care hospitals and the other 386 radiotherapy facilities in
Japan were compared.
Results: Designated cancer care hospitals accounted for
45.3% of all radiotherapy facilities. The patterns.of equip-
ment and personnel in designated cancer care hospitals and
the other radiotherapy facilities were as follows: linear
accelerators/facility, 1.2 and 1.0; dual-energy function,
73.1% and 56.3%; three-dimensional conformal radiother-
apy function, 67.5% and 52.7%; intensity-modulated radio-
therapy function, 30.0% and 13.9%; annual number of
patients/linear accelerator, 289.7 and 175.1; ¥Ir remote-

controlled afterloading systems, 27.6% and 8.6%; and
average number of full-time equivalent radiation oncolo-
gists/facility, 1.4 and 0.9 (P < 0.0001). There were significant
differences in equipment and personnel between the two
types of facilities. Annual patient loads/full-time equivalent
radiation oncologist in the designated cancer care hospitals
and the other radiotherapy facilities were 252 and 240.
Geographically, the number of designated cancer care hos-
pitals was associated with the population, and the number
of JASTRO-certified physicians was associated with the
number of patients undergoing radiotherapy.

Conclusion. The Japanese structure of radiation oncology
in designated cancer care hospitals was more mature than
that in the other radiotherapy facilities in terms of equip-
ment, although a shortage of personnel still exists. The

" serious understaffing problem in radiation oncology should

be corrected in the future.
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