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Purpose: To determine the patterns of radiotherapy practice for pancreatic cancer in Japan.

Methods and Materials: A questionnaire-based national survey of radiotherapy for pancreatic cancer treated
between 2000 and 2006 was conducted by the Japanese Radiation Oncology Study Group (JROSG). Detailed
information on 870 patients from 34 radiation oncology institutions was ac: lated

Results: The median age of all patients was 64 years (range, 36-88), and 80.2% of the patients had good perfor-
mance status. More than 85% of patients had clinical Stage T3-T4 disease, and 68.9% of patients had unresectable
disease at diagnosis. Concerning radiotherapy (RT), 49.8% of patients were treated with radical external beam RT
(EBRT) (median dose, 50.4 Gy), 44.4% of patients were treated with intraoperative RT (median dose, 25 Gy) with
or without EBRT (median dose, 45 Gy), and 5.9% of patients were treated with postoperative radiotherapy
(median dose, 50 Gy). The treatment field consisted of the primary tumor (bed) only in 55.6% of the patients.
Computed tomography-based treatment planning and conformal RT was used in 93.1% and 83.1% of the patients
treated with EBRT, respectively. Chemotherapy was used for 691 patients (79.4 % ; before RT for 66 patients; dur-
ing RT for 531; and after RT for 364). Gemcitabine was the most frequently used drug, followed by 5-fluorouracil.
Conclusion: This study describes the general patterns of RT practice for pancreatic cancer in Japan. Most patients
had advanced unresectable disease, and radical EBRT, as well as intraoperative RT with or without EBRT, was
freq ly used. Ch herapy with bine was ly used in conjunction with RT during the survey
period. © 2010 Elsevier Inc.
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INTRODUCTION

Pancreatic cancer is one of the leading causes of cancer death
worldwide. The prognosis of patients with this disease re-
mains extremely poor, with a 5-year survival rate after diag-
nosis of <5% (1, 2). Most patients present with locally
advanced or metastatic disease. The median life expectancy
is 3—6 months for those with metastatic disease and 6-10
months for those with nonmetastatic disease (3, 4).

In Japan, the number of patients with pancreatic cancer has
been rapidly increasing,, and the number of yearly pancreatic
cancer deaths in Japan has increased from approximately
2,000 in 1960 to 20,000 in 2000 (5). Moreover, radiotherapy
(RT) has become much more common because a significant
number of new methods, as well as technology, for treatment
planning has become available (6, 7). Therefore, the optimal
management of RT for pancreatic cancer patients has become
a major concern in Japan.

Patterns of care studies, initially developed in the United
States in the mid-1970s, represent a reliable retrospective
study design for establishing the national practice for cancer
patients during a specific study period (8-10). A patterns of
care study was designed as a national survey to document
and analyze the current practice characteristics for cancers
in the radiation oncology department. The results of the study
could aid in improving healthcare for cancer patients and
could also provide data that will allow comparison with other
countries. Although several reports have been published on
the patterns of RT in Japan for lung, breast, and prostate can-
cer (11-13), scant information is available on the patterns of
RT for pancreatic cancer.

In the present study, the Japanese Radiation Oncology
Study Group (JROSG) conducted a nationwide survey of
the patterns of RT practice for pancreatic cancer. This study
was intended to evaluate the patterns of RT for pancreatic
cancer in Japanese radiation oncology centers. To our knowl-
edge, this is the first report to establish how RT is used
nationally to treat pancreatic cancer in Japan.

METHODS AND MATERIALS

Between 2008 and 2009, the JROSG conducted a national survey
of RT for pancreatic cancer treated between 2000 and 2006 using
aquestionnaire that requested detailed information regarding patient
and treatment characteristics. The following eligibility criteria were
used in this survey. The patients were required to have been diag-
nosed with pancreatic cancer without evidence of distant metastasis;
they must have been treated with RT between 2000 and 2006; and
they must not have been diagnosed with any other malignancy or
have been previously undergone RT. Patients without pathologic
verification were diagnosed as having pancreatic cancer according
to the clinical and radiographic findings. The clinical findings in-
cluded serum carbohydrate antigen 19-9 measurements. The radio-
graphic findings i puted tc phy
(CT), ultrasonography, endoscopic ultrasonography, and endo-
scopic retrograde/r i e cholangiopancreatography.
Of 71 radiation oncology centers in Japan belonging to the JROSG,
34 (48%) agreed to participate in our survey. The other radiation
oncology centers did not agree to participate in the present study
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11-20 pts.
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Fig. 1. Distribution of institutions according to number of patients
treated between 2000 and 2006. Variations concerning number of
patients among institutions.

mostly because too few pancreatic cancer patients were treated
with RT between 2000 and 2006. Each center agreeing to participate
in the present study provided a database of the patients with pancre-
atic cancer treated with RT between 2000 and 2006. The study was
performed according to the guidelines approved by the institutional
review board of each institution whenever necessary.

Statistical analysis was performed using the Statistical Package
for Social Sciences, version 11.0 (SPSS, Chicago, IL). The chi-
square test and Student’s 7 test were used to investigate the relation-
ship between variables. A probability level of .05 was chosen for
statistical significance.

RESULTS

Data registration

Detailed information on 870 patients from 34 radiation on-
cology institutions (median, 15.5 patients/institution) was
accumulated. Figure 1 shows the distribution of the number
of institutions according to the number of patients treated
during the 7-year period. Variations concerning the number
of patients treated during the period were found among the
institutions. For example, in 13 (38.2%) of the 34 institutions,
1-10 patients were treated during the 7 years, and in
7(20.6%), >40 patients were treated during the 7-year period.

Patient and disease characteristics

The patient and disease characteristics of all 870 patients
are listed in Table 1. The median patient age was 64 years
(range, 36-88), and 42.5% of patients were women. The pre-
therapeutic evaluations included CT, ultrasonography, and
endoscopic retrograde/magnetic resonance cholangiopan-
creatography for 96.2%, 98.2%, and 61.4% of the patients,
respectively. More than 80% of the patients had an Eastern
Cooperative Oncology Group performance status of 0-1. Of
the 870 patients, 85.2% had Stage T3-T4 disease and
68.9% had unresectable disease. The median maximal tumor
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Table 1. Patient and disease characteristics (n = 870) (Continued)

Characteristic Patients (1) Characteristic Patients (1)

Age (median, 64 y) Unknown 3(0.3)
<70y 626 (72.0) Clinical N stage (UICC 2002)
=70y 244 (28.0) NO 453 (52.1)

Gender N1 373 (42.9)
Female 370 (42.5) Unknown 44 (5.0)
Male 500 (57.5) Resectable at diagnosis

Pathologic type verified Yes 268 (30.8)
Yes, adenocarcinoma 659 (75.7) No 599 (68.9)
Yes, other 15 (1.8) Unknown 3(0.3)
No 196 (22.5)

Ultrasonography (before RT) Abbr 2 RT = radiotherapy; CT = computed phy;
Yes 837 (96.2) ERCP/MRCP = endoscopic retrograde cholangiopancreatography/
No 13 (1.5) magnetic retrograde cholangiopancreatography; ECOG = Eastern
Unknown 20 (2.3) Cooperative Oncology Group; CA19-9 = carbohydrate antigen

CT (before RT) 19-9; UICC = International Union Against Cancer.

Yes 854 (98.2) Data in parentheses are percentages.
No 14 (1.6)
Unknown 2(0.2) R :

ERCP/MRCP (before RT) size was 4.0 cm (range, 0.9-11.0), and the median serum
Yes 534 (61.4) concentration of carbohydrate antigen 19-9 was 240 U/mL.
No 155 (17.8) Approximately 30% of patients each drank, smoked, or had
Unknown 181 20.8) diabetes mellitus.

Primary site
Head 554 (63.7)

Body 277 (31.8) Treatment characteristics
Tail 333.8) The treatment characteristics for all 870 patients are listed
Unknown . 60.7) in Table 2. Approximately 20% of the patients were treated

Maximal tumor size (median, 4.0 cm) B N S 5
<4.0 cm 386 (44.4) with an investigational protocol. The treatment modality
=4.0 cm 409 (47.0) used was radical external beam RT (EBRT) for 49.8% of pa-
Unknown 75 (8.6) tients (33 of 34 institutions), intraoperative RT (IORT) with

ECOG performance status or without EBRT for 44.3% of patients (10 of 34 institutions),
: o Eé‘fg and postoperative RT (PORT) for 5.9% of patients (14 of 34
2 115 (13.2) institutions). IORT was administered using a 6-18-MeV
3 10 (1.1) electron beam. The treatment field consisted of the primary
4 1(0.2) tumor only in 484 (55.6%) of 870 patients and the primary
Unknown 46(5.3) tumor plus regional lymph nodes in 386 (44.4%. CT-based

Ja‘;‘:;cc 276 31.7) treatment planning and conformal RT was used in >90%
No 521 (59.9) and >80% of patients treated with external beam RT, respec-
Unknown 73 84) tively. Chemotherapy was administered to approximately

CA19-9 (median, 240 U/mL) 80% of patients.
<1,000 U/mL 565 (64.9)
=1,000 U/mL 206 (23.7) o o
Unknown 99 (11.4) Total radiation dose and radiation field

Alcohol consumption The total radiation dose was analyzed according to the
Yes 253 (29.1) treatment modality. The median dose of the EBRT group,
ﬁf‘mwn g?‘s‘ g‘égg IORT with or without EBRT group, and PORT group was

Smoking : 50.4 Gy (range, 6-60.8), 25 Gy (range, 12-30; IORT) with
Yes 306 (35.2) or without 45 Gy (range, 6-50; EBRT), and 50 Gy (range,
No 314 (36.1) 12-60), respectively. For the EBRT group, most of the pa-
‘Unknown 250 (28.7) tients were treated with a total dose of 50-54.9 Gy (Fig. 2).

D1;1(b:;es . 237 272) For the PORT group, most of the patients were treated with
No 483 (55:6) a total dose of 50-54.9 Gy (Fig. 3). Moreover, the total radi-
Unknown 150 (17.2) ation doses of the EBRT and PORT groups were not signif-

Clinical T stage (UICC 2002) icantly different (p = .40). Therefore, almost uniform total
Tis 2(02) doses were used for the EBRT and PORT groups. The me-
g 3(5) g(;t)g) dian total dose for patients with negative surgical margins
T3 252 (29.0) and those with positive surgical margins in the PORT group
T4 488 (56.2) was 50 Gy (range, 12-56) and 50 Gy (range, 39.6-60), re-

(Continued) spectively (p = .29). However, for the IORT with or without
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Table 2. Treatment characteristics (n = 870)

Characteristic Patients/total (n)

Investigational protocol

Yes 181/870 (20.8)

No 689/870 (79.2)
Treatment modality

Radical EBRT 434/870 (49.8)

TORT with or without EBRT 385/870 (44.3)

With EBRT 184
Without EBRT 201

PORT 51/870 (5.9)
Radiation field

Primary only 484/870 (55.6)

Primary plus regional lymph nodes 386/870 (44.4)
Radiation portals

2 portals 43/669 (6.4)

=3 portals 626/669 (93.6)
EBRT beam energy (MV)

<10 39/669 (5.8)

=10 630/669 (94.2)
EBRT dose/fraction (Gy)

<1.8 3/669 (4.5)

1.8 266/669 (39.8)

2.0 338/669 (50.5)

>2.0 62/669 (5.2)
EBRT total radiation dose (Gy)

<40 84/669 (12.6)

=40 585/669 (87.4)
CT-based treatment planning

Yes 616/669 (92.1)

No 53/669 (7.9)
Conformal therapy

Yes 545/669 (81.5)

No 124/669 (18.5)
TORT dose (Gy)

<25 104/385 (27.0)

=25 281/385 (73.0)
Chemotherapy

Yes 691/870 (79.4)

No 179/870 (20.6)

Abbreviations: EBRT = external beam radiotherapy; IORT =
intraoperative radiotherapy; PORT = [ ive radiotherapy.
Data in parentheses are percentages.

ve

EBRT group, significant variations in the IORT and EBRT
doses were found. For IORT, the dose was 20-35 Gy
(Fig. 4a). For EBRT, 79 (42.9%) of 184 patients were treated
with EBRT with a dose of 50-54.9 Gy, and 83 (45.1%)
received EBRT with a dose of <45 Gy (Fig. 4b). Significant
differences were found in the total dose between the EBRT
group and the IORT with or without EBRT group
(p <.0001) and between the PORT group and the IORT
with or without EBRT group (p <.0001).

Table 3 lists the radiation field according to the treatment
modality and clinical N stage. Approximately 45% of
patients received RT to the primary tumor (bed) only, irre-
spective of the treatment modality. The radiation field of
the patients with Stage NO was more frequently the primary
tumor (bed) only, and for those with Stage N1, it was more
frequently the primary tumor (bed) plus the regional lymph
nodes. However, some patients with clinical Stage N1 also
underwent RT to the primary tumor (bed) only.

180
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Chemotherapy

Chemotherapy was used in combination with RT for 691
patients (79%). Table 4 lists the drugs and timing of chemo-
therapy for 691 patients treated with chemotherapy. Of the
691 patients, 66 (9.6%) were treated with chemotherapy be-
fore RT, 531 (76.8%) during RT, and 364 (52.7%) after RT.
Gemcitabine was the most frequently used drug (n = 515,
74.5%), followed by S-fluorouracil (5-FU) (n 211,
30.5%), cisplatin (n = 72, 10.4%), a combination of tegafur,
5-chloro-2,4-dihydroxypyridine, and oteracil potassium (TS-
1; n = 60, 8.7%), tegafurfuracil (UFT; n = 3, 4.5%), and
others (n =9, 1.3%).

DISCUSSION

Although the results of nationwide surveys of surgical
management of pancreatic cancer have been reported
(14-18), little information is available regarding the nation-
wide patterns of RT practice for pancreatic cancer. The
National Cancer Database reports and the Surveillance,
Epidemiology, and End Results registry have provide data
on the proportions of patients treated with RT, but detailed
information on RT use has not been described (19, 20). In
the present study, we have reported in detail on the patterns
of RT practice for pancreatic cancer in Japan between 2000
and 2006. From national surveys of structural characteristics
of radiation oncology in Japan, approximately 700 radiation
oncology centers were in Japan during the survey period
(6, 7). In the present study, although only 34 radiation oncol-
ogy centers in Japan participated and the patients were not
randomly selected, we believe these results, at least roughly,
represent the national averages in Japan of the patterns of RT
for pancreatic cancer.

Concerning the patient characteristics, our results indi-
cated that >80% of Japanese patients treated with RT had
advanced disease, with approximately 70% of patients
presenting with unresectable disease, in accordance with pre-
vious reports that approximately 80% of patients present with
unresectable disease (16, 21). Our results also indicated that
the patient performance status was generally good and that
>80% of patients were <70 years old. These results indicate
that although most of the patients referred for RT had
advanced disease, many patients appeared to be good candi-
dates for intensive treatment. In the present study, approxi-
mately 30% of patients each were alcohol drinkers,
smokers, or had diabetes mellitus. In the United States, 60—
81% of patients with pancreatic cancer had diabetes mellitus
(22). However, it is not known whether these differences
between patients living in Japan and in the United States
resulted from differences in access to medical care or biologic
differences within the tumors themselves. Additional investi-
gation of the different disease characteristics of the patients in
the two countries would be informative.

The present study also showed the treatment characteris-
tics for pancreatic cancer in Japan. No definite treatment
guidelines are available for radical and adjuvant RT for
pancreatic cancer. Therefore, the National Comprehensive
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Cancer Network (NCCN) panel has recommended that inves-
tigational options should be considered for all stages of dis-
ease management (23). In the present study, 20.8% of
patients were treated with an investigational protocol. Be-
cause many patients have relatively good performance status
and are relatively young, investigational protocols should be
encouraged for a greater number of patients.

With regard to the treatment modality, not only radical
EBRT, but also IORT with or without EBRT, was used fre-
quently in Japan. This high rate of IORT using an electron
beam might be a unique characteristic of treatment in Japan,
although not many institutions (10 of 34 institutions) had in-
stituted IORT. Routine use of IORT combined with EBRT
and/or chemotherapy began in Japanese hospitals in the
1980s (24, 25). The results of the present study have indi-
cated that IORT combined with EBRT has continued to be

commonly used into the 21st century. IORT is a specialized
RT technique that can increase the radiation dose to the pri-
mary tumor volume and has been used to improve local tu-
mor control without increasing normal tissue morbidity. A
lower incidence of local failure in most series and improved
median survival in some patients have been reported with
these techniques when combined with conventional EBRT;
however, it is uncertain whether this resulted from superior
treatment or case selection (4, 26). Therefore, additional pro-
spective studies are needed to assess the efficacy of IORT.
The results of the present study have indicated that CT-
based treatment planning and conformal RT were used for
>90% and >80% of patients, respectively. The NCCN guide-
lines strongly recommend the use of CT-based treatment
planning and three-dimensional treatment planning (23).
From national surveys of the structural characteristics of
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radiation oncology in Japan, only 329 (45.3%) of 726 facili-
ties in 2003 and 407 (57.2%) of 712 facilities in 2005 have
used CT-based treatment planning (6, 7). These results sug-
gest that patients with pancreatic cancer have undergone
RT more often in the facilities with advanced equipment
than in facilities without advanced equipment.

Although the optimal radiation dose has yet to be defined,
the NCCN guidelines have recc ded that for primary
definitive chemoradiotherapy, a dose of 50-60 Gy (1.8-2.0
Gy/d) should be administered (23). The NCCN guidelines
have also recommended that PORT should be administered
at a dose of 45-54 Gy (1.8-2.0 Gy/d). In the present study,
most patients were treated with a total dose of 50-54.9 Gy
in both the EBRT and the PORT groups. Therefore, almost
uniform total doses were used for the EBRT and PORT
groups, and the NCCN guideline recommendations appear
to have been properly adopted by the Japanese radiation on-
cology centers. In contrast, for the IORT with or without

182

EBRT group, significant variations in the total doses of
TORT and EBRT were found. Concerning IORT, almost all
patients were treated with a total dose of 20-35 Gy, and for
EBRT, many patients were treated with a total dose of
=50-54.9 Gy; however, a total dose <45 Gy was also given
to some patients. From the previous reports of IORT for pan-
creatic cancer, the doses have varied among institutions from
10 to 30 Gy (24, 25). These results indicate that the optimal
doses of IORT and EBRT have yet to be determined. Addi-
tional studies are required to determine the optimal doses
when IORT is used.

Concerning the radiation field, our results have indicated
that for approximately 45% of patients, the primary tumor
(bed) only was treated with RT, irrespective of the treatment
modality. Also, for each group analyzed, patients with clini-
cal Stage NO were more likely to receive treatment covering
the primary tumor (bed) only, although some patients with
clinical Stage N1 were also treated with the radiation field
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Table 4. Drugs used and timing of chemotherapy (n = 691)

Chemotherapy timing* (n)

Radiation field
Actual Before During After
Group Patients (n)  PTonly  PT plus LNs P Variable patients (n)  RT RT RT
Radical EBRT <.0001 Actual patients (7) 691 (100) 66 (9.6) 531 (76.8) 364 (52.7)
Total 434 208 (47.9) 226 (52.1) Drugs
NO 263 171 92 GEM 515 (74.5) 59 341 283
N1 167 33 134 5-FU 211 (30.5) 2 173 47
Unknown 4 4 0 Cisplatin 72 (10.4) 5 60 19
IORT <.0001 T-1 60 (8.7) 5 29 39
Total 385 152 (39.5) 233 (60.5) UFT 31 (4.5) 2 13 19
NO 162 111 2 Other 9(1.3) 0 4 2
N1 184 36 147
Unknown 39 5 34 Abbreviations: RT = radiotherapy; GEM = gemcitabine; FU =
PORT 002 fl il; T-1 = combi of tegafur, 5-chloro-2, 4-dihydrox-
Total 51 24 (47.1) 27 (52.9) ypyridine, and oteracil potassium; UFT = tegafur/uracil.
NO 28 16 12 Data in parentheses are percentages.
N1 22 7 15 * For combination chemotherapy, each drug of combination was
Unknown 1 1 0 counted.
Total 870 386 (44.4) 484 (55.6)

Abbreviations: PT = primary tumor (bed); LNs = regional lymph
nodes; other abbreviations as in Table 2.
Data in parentheses are percentages.

covering the primary tumor (bed) only. Although the optimal
radiation field for pancreatic cancer remains to be defined, the
NCCN practice guidelines have recommended that when
5-FU-based chemoradiotherapy is used, the treatment vol-
umes should include the primary tumor location and the re-
gional lymph nodes (23). Several reports have indicated
that the rate of severe toxicity is greater in patients treated
with gemcitabine-based chemoradiotherapy than in those
treated with 5-FU-based chemoradiotherapy (27). Addi-
tional studies investigating the optimal radiation field when
using chemotherapy drugs, such as gemcitabine, should be
conducted.

The present study revealed that chemotherapy was rou-
tinely administered with RT. In the United States, a trend
has occurred from using RT alone to the more frequent
use of combined RT and chemotherapy (16). Regarding
the drugs used for pancreatic cancer, 5-FU, with or without
mitomycin-C, has been frequently used for pancreatic can-
cer (28, 29). In 1997, Burris et al. (30) indicated that single-
agent gemcitabine was marginally superior in clinical
benefit and survival compared with 5-FU. Therefore, sin-
gle-agent gemcitabine has become the standard first-line
agent for the treatment of pancreatic cancer. In the present
study, gemcitabine was commonly used in conjunction
with RT during the survey period. These results indicate
that the use of gemcitabine combined with RT has been rap-
idly adopted in Japan.

In the present study, the results have shown that chemo-
therapy was most often administered during RT and next
often after RT. These results indicate that chemotherapy
during RT (concurrent chemoradiotherapy) has been the
more frequent practice in Japan. Many investigators also ad-
minister chemoradiotherapy initially and then follow with
chemotherapy until disease progression (31-34). Recently,
several reports have indicated that a period of chemotherapy
followed by consolidated chemoradiotherapy might be pref-
erable to upfront chemoradiotherapy (35, 36). Additional
studies investigating the optimal sequencing of RT and
chemotherapy should be undertaken.

CONCLUSION

The present report has described the general patterns of RT
practice for pancreatic cancer in Japan. Most patients had ad-
vanced unresectable disease, and not only radical EBRT, but
also IORT with or without EBRT, was frequently used.
Concerning chemotherapy, gemcitabine was commonly
used in conjunction with RT in Japan. Our study has also
shown extensive variation exists with regard to treatment
strategies and the patterns of RT. Therefore, patients with
pancreatic cancer should continue to be enrolled in prospec-
tive studies investigating novel combinations of chemother-
apy and/or biologic agents with RT. In the future, repeat
surveys and point-by-point comparisons with the results
from other countries will demonstrate how RT for pancreatic
cancer has been developed and optimized for patients in
Japan.
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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 et 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.

The Japanese structure has gradually improved in terms of
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 compari-
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
the recent structure of radiation oncology in Japan is analyzed
and compared with the data of 2005 (5).

METHODS AND MATERIALS

From March to December 2008, JASTRO conducted a question-
naire based on the national structure survey of radiation oncology in
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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 Centres 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 ifi to analyze 1 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 conditions and the annual number of patients treated with ra-
diation at each institution, 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
stratification was used: A1, university hospitals/cancer centers treat-
ing 440 patients or more per year; A2, university hospitals/cancer
centers treating 439 patients or fewer per year; B1, other national/
public hospitals treating 140 patients or more per year; and B2, other
national hospital/public hospitals treating 139 patients or fewer per
year.

‘We used SAS 8.02 (SAS Institute, Cary, NC) (16) for statistical
analyses, and statistical significance was tested by means of chi-
square test, Student 7 test, or analysis of variance.

RESULTS

Current situation of radiation oncology in Japan

Table 1 shows that the numbers of new patients and total
patients (new plus repeat) undergoing radiation in 2007
were estimated at 181,000 and 218,000, respectively, show-
ing a 7.3% increase over 2005 (5). 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. Patterns of Care Study stratification of radiotherapy facilities in Japan

Average new

New patients/  Total patients Comparison ~ Average total ~ Comparison

Institution Facilities patients facility*  (new + repeat) with patients/ with

category Description (n) (n) (n) (n) data of 2005' (%) facility* (n) data of 2005' (%)

Al UH and CC (=440 71 49,866 702.3 60,398 10.0 850.7 23
patients/y)

A2 UH and CC (<440 71 17,974 2532 21,867 2.1 308.0 -3.6
patients/y)

B1 Other (=140 288 78,154 2714 94,188 6.1 327.0 6.8
patients/y)

B2 Other (<140 291 24,235 83.3 28,634 9.6 98.4 8.8
patients/y)

Total 721 1702290 236.1 205,087" 73 284.4 59

Abbreviations: UH = university hospital; CC = cancer center hospital; Other = other national, city, or public hospital.
*
p <0.0001.
! Rate of increase compared with data of 2005. The calculating formula was as follows: %w x 100 (%).
# The number of radiotherapy institutions was 765 in 2007, and the number of new patients was estimated 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 Core-
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 (A1, 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 nonacademic 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 showed
a major decrease to 15, and Gamma Knife was installed
more frequently in B1 and B2 institutions. A significant re-
placement of ®°Co RALSs with '*Ir RALSs was observed
especially in academic institutions, whereas the number of
new-type °Co RALSs in use did not increase. Six particle
machines were registered in this survey, two with carbon
beam and five with proton beam irradiation. One machine
at Hyogo is delivering either carbon or proton. Although
Heavy Ton Medical Accelerator in Chiba (HIMAC) 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 institutions
were included in the Al Category and treated more than
800 patients per year. They were equipped with linac with
dual-energy function (77.6% of the institutions), 3D CRT
function (91.4%), and IMRT function (65.5%), as well as
with '""’Ir RALS (85.7%) and a computed tomography
(CT) simulator (95.2%).

Table 3 shows an overview of RT planning and other
equipment. 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 in the rate of CT simulators installed
by institutional stratification, from 93% in A1 institutions to
52.6% in B2 institutions. Very few institutions used magnetic
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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
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 person 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 personnel 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 Bl, and 0.5 for B2. The number in B1 institu-
tions improved 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 being 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 (5), 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/mediastinum and genito-
urinary sites. In Japan the number of patients with prostate
cancer undergoing RT was 16,225 in 2007, an increase of
22.7% over 2005 (5). By disease site, the rate of increase



1. J. Radiation Oncology @ Biology @ Physics Volume 78, Number 5, 2010

1486

“(quowdinba arow 10 0M1 JARY TRyl SUONMINSUT Jo oney) Juawdimba STyl 2ARY JeYl SUOTMTSUT JO AJey I
“UONR[NI[E) WOI PIPA[IXD SIOJLID[AOE UL JNOYIM SUOHMINSUT {SIOJEIS[a008 TEaUT] JO JaqUInu I9A0 sjuaned Jo zoqumy ¢
(%) $00T 30 e1ed — (%) LOOT JO ©Ie( ‘SMOI0J Se Sem e[nuuio) Fune[no[es YL, *S00T JO EIep Yim uostredwo] ,
*SuIo)SAs koaﬁoﬁuoum TeOUT] JO JOQUINU [€}0} Y} PUE UOHIUN ST JO a5 Aq SWaISAS JO JaquInu WoIy paje[na[ed aFejus0Iad |
(%) 00T X Grssee \..“. _mwmmsu .MHN 577 SMOIIO] SE SeM P[nuKo] Sune[no[es YL "SO0T JO TIRp YiIm paredwod aSLAIOUT JO ALY 4
‘wasAs FUIpeo[-IajJe PI[ONU0I-2JOUAI =
STV ‘10je1a[a00e eaur] = orul] ‘Ayderdowo; pandwos = 1) Aderaryy uonerper papm3-afewr = [ O] ‘Adesyorper pajenpow-AJIsuajur = YA I01ewWI[[od Jeamnu = TN ‘Adersgiorper
[BULIOFUOD [RUOISUSWIP-021) = [} ¢ ‘MK 10d 10maj 1o sjuoned g1 Suneen sfendsoy orqnd/endsoy [euoneu sayjo = zg “reak 1od aow o syuaned (p| Suneen srejdsoy orqnd/reuoneu
10 = [g ‘reak 1ad 1amay o syuaned Gep Junean s19)uso 1oud/srendsoy AsIaATun = gy treak Jad arowr 1o sjuaned Opp Sumean s1a)ued eoued/stendsoy ANSIOAIUN = [V ISUOUDIN.IGQY

©) v ©o mz mr mr1 (asn [emow) STV SO ¢

Lot (€enLer Gt ms @z e (o) se 80y Ley (60 1€ (SLL) 6'8L (SS) 98 (asn [enjoe) STVY Mg,

oy s D6 LOWT @r (698 0Dve @V oL @5 ©OU1S8 (99 (3sn [en1oe) STVY 0D, 2d41-pI0

@ayee OGN oo @z (e Onor  &Dwr M1 @y  ©¢ (osn [emioe) STV 0D, 2dA1-moN

9 1 4 4 1 0IAIP UOHEIPELI [BUIAIXD 13Y10

6 S T T 1 10je13[300¢% 13YI10

9 01 1€ 4 € AJIuy| ewuren

(s1) 82 ) €1 @L e 9 (asn [enjoe) J[eqoodAL

€1 3 14 4 ¥ UOI0JOIIA

0 0 0 0 0 uoneleg

9 I I 0. 14 aponred

*L'€ §CEVT 57’86 *T'96T §9'8€T 50°00% oeury/syuaned "oN fenuuy
\9°€ET o1 TS 1 g 9€ 1861 81 8L 144 waysAs uoneoyLaA uonisod Jusuean YIM
18S Ly €9 L1 WS LT 199 9 9 L [re1 uo 1D WM
WET 801 18 44 JTT €€ 0TI or 158 £ uonouny LYOT WM
16'9 16T S€T 0°€l SE 9T 8L 6T€E 6T 1919 €6 uonouny LYINT WA
'8 1889 sss ,8TS wl (£ 1454 1769 €9 1106 9€T (WO O'T= WPIM DTA) UoHOUNY 1Y) dE WM
LT 1899 66  |TES (341 JO'EL 91T 1E0L 9 189L 911 uonouny AFIouo-[enp yim

*S'S L08 69T 962 16 161 I07RI9[2008 JEAUT]

(%) S00T Jo eep 9% u A u % u % u % u uonouny sy pue Juswdinba Aderayjorpey
i uostreduwo)
(TzL = u) TeloL, 16z =u)zd (88z=u) 19 (IL=u) ey (IL=uw1v

uoneoynexns feuonmnsur Apnig are) jo swaned Aq ad£y yuswdinbe 1od peor juened pue uonouny s pue juawdinby 7 9[qe],

195



Comparison with data of
2005" (%)
-8.8
10.3
22(2.8)
1.1(3.8)

%*
60.9
65.6

95.3 (23.3)
95.8 (51.3)
88.

Total (n = 721)

445
497
1070 (168)
1189 (370)

13
640

%*
59.5
52.6

91.1 (8.6)
95.2 (24.4)
84.2

B2 (n =291)

173
155
306 (25)
349 (71)
245

by Patterns of Care Study institutional stratification
%*
69.1
97.2 (19.8)
97.2 (64.2)
24
93.1

56.6

B1 (n = 288)

165
210
370 (57)
502 (185)

7
268

and other ec

%*
69.0
715

100 (36.6)
42
90.1

PY P
A2(n=1T1)

52
58
117 (26)
3
64

137 (54) 93.0 (76.1)

Table 3. Radi
=71)

%*

76.1

93.0
100 (84.5)

14

88.7

Al (n
55
74
277 (60)
1
63

201 (60) 95.8 (84.5)

RT planning and other
equipment
For RT only
Computer use for RT
recording

RTP computer (=2)

MRI (=2)

X-ray simulator
CT simulator
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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
indicates that the rate of increase was notable for lung at
A1, B1, and B2 and the corresponding rates for prostate can-
cer 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 A1, whereas those at A2, BI, 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 treated 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%, respectively, over
2005 (5). On the other hand, the use of intraoperative RT de-
creased significantly by 35.1% and that of hyperthermia de-
creased by 41.5%. Institutional stratification shows that
there was a dramatic increase of 623.6% in the use of
IMRT in B1 (5). In 2007, 58 institutions (8%) actually
used IMRT. This percentage was significantly lower than
235 linac systems with IMRT function (29.1%) as shown
in Table 2.

Table 7 shows the number of patients with brain or
bone metastasis treated with radiation according 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%.

other national hospital/public hospitals treating 139 patients or fewer per year; RT = radiotherapy; CT = computed tomog-

magnetic resonance imaging.
quipment (Ratio of institutions that have two or more equipment).

Comparison with data of 2005. The calculating formula was as follows: data of 2007 (%) — data of 2005 (%).

Geographic patterns

Figure 3 shows the geographic 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 (Miyagi). The average number of patients per 1,000
population per quarter ranged from 1.42 to 1.69
(p = 0.0996). The more JASTRO-certified physicians 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 (3).

DISCUSSION

In 1990 there were fewer facilities for radiation treatment
and patients treated with radiation in Japan than in the

Abbreviations: Al = university hospitals/cancer centers treating 440 patients or more per year; A2 = university hospitals/cancer centers treating 439 patients or fewer per year; Bl = other

* Ratio of institutions that have e

t

national/public hospitals treating 140 patients or more per year; B2

raphy; RTP = radiotherapy planning; MRI
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