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Fig. 1 Distribution of annual patient loads/FTE radiation oncologist in designated cancer care hospitals and other
radiotherapy facilities. Horizontal axis represents facilities arranged in order of increasing value of the annual
number of patients/FTE radiation oncologist within the facilities.
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Objective: The aim of this study was to investigate the risk factors for dysphagia induced by
chemoradiotherapy for head and neck cancers. ,

Methods: Forty-seven patients with head and neck cancers who underwent definitive che-
moradiotherapy from December 1998 to March 2006 were reviewed retrospectively. Median
age was 63 years (range, 16—81). The locations of the primary lesion were as follows: larynx
in 18 patients, oropharynx in 11, nasopharynx in 7, hypopharynx in 7 and others in 4. Clinical
stages were as follows: Stage Il in 20 and Stages llI-IV in 27. Almost all patients underwent
platinum-based concomitant chemoradiotherapy. The median cumulative dose of cisplatin
was 100 mg/m? (range, 80—300) and median radiation dose was 70 Gy (range, 50-70).
Results: Severe dysphagia (Grade 3—4) was observed in 22 patients (47%) as an acute
toxic event. One patient required tube feeding even at 12-month follow-up. In univariate
analysis, clinical stage (Ill-1V) (P=0.017), primary site (oro-hypopharynx) (P = 0.041) and
radiation portal size (>11 cm) (P < 0.001) were found to be associated with severe dyspha-
gia. In multivariate analysis, only radiation portal size was found to have a significant relation-
ship with severe dysphagia (P = 0.048).

Conclusions: Larger radiation portal field was associated with severe dysphagia induced by

chemoradiotherapy.

Keywords: toxicity — combined modality therapy — head and neck neoplasm — dysphagia —

radiotherapy

INTRODUCTION

Prospective randomized clinical trials showed that chemora-
diotherapy is superior to radiotherapy alone for patients with
‘advanced nasopharyngeal carcinoma (1). This combined
therapy is now widely used in treatment of patients with head
and neck cancers. A meta-analysis conducted by Pignon
et al. (2) showed a significant benefit of concurrent chemora-
diotherapy, which corresponded to an absolute 5-year overall
survival benefit of 8% compared with radiotherapy alone in
head and neck cancers. Indication of conventional
radiation-alone therapy is confined to T1 and favorable T2,
NO—1 tumors. Altered fractionation alone may be indicated

For reprints and all correspondence: Keiichiro Koiwai, Department of
Radiology, Shinshu University School of Medicine, 3-1-1 Asahi,
Matsumoto, Nagano 390-8621, Japan. E-mail: kkoiwai@shinshu-u.ac.jp

for unfavorable T2, NO—1 tumors (3), but more advanced and
operative head and neck cancers are usually treated by
surgery followed by radiotherapy or chemoradiotherapy.
Patients in whom surgery is contraindicated are treated by
chemoradiotherapy. This therapy is sometimes used for oper-
ative patients who wish to preserve their organs.

Concomitant addition of chemotherapy to radiotherapy not
only improves the outcome but also increases toxicity of the
treatment. Various toxic events, such as pain, dysgeusia, and
dysphagia, are intensified. Rosenthal et al. (4) reported that
40-70% of the patients undergoing concomitant chemora-
diotherapy for head and neck cancers experienced severe
mucositis and 50—80% required feeding tube placement
during the course of therapy. Severe dysphagia arising
during the course of therapy sometimes reduces the patients’
quality of life and worsens their physical condition.

© The Author (2009). Published by Oxford University Press. All rights reserved.
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Table 1. Patients’ characteristics

Table 2. Chemotherapy regimens

Chemotherapy agents Number of patients

Characteristics Number of patients
Gender '
Male 41
Female 6
Age 1681 (median, 63)
Performance status
0 44
>1 3
Stage
I ) 20
I 6 .
v ) 21
Primary site
Larynx 18
Oropharynx 11
Nasopharynx 7
Hypopharynx 7
Nasal cavity 2
Oral cavity 2
Histology
Squamous cell carcinoma © 47
Cisplatin dosage®
80 . . 5
100 26
300 11
Docetaxel or nedaplatin 5
Radiation schedule
Conventional fractionation 41
Hyperfractionation 6

*Cumulative doses are shown (mg/m?).

A retrospective review of patients with head and neck
cancers who underwent definitive chemoradiotherapy in our
facility was performed along with an investigation of the
risk factors for dysphagia induced by chemoradiotherapy.

PATIENTS AND METHODS

From December 1998 to March 2006, 47 patients with head
and neck cancers underwent definitive chemoradiotherapy in
our facility. The patients’ characteristics are shown in
Table 1. In our facility, definitive chemoradiotherapy had
been usually eligible for the patients whose performance
status was good, who had no distant metastasis and who
were not so old (<75 years, basically).

Cisplatin (10 mg/m? on days 36—40, 43—47) + 5-FU 26
{400 mg/m? on days 36—40, 43—47)

Cisplatin (50 mg/m® on days 6—17, 4142, 71— 9
72) + 5-FU (800 mg/m? on days 1-5, 3640, 43—47)

Cisplatin (80 mg/m® on day 29) + 5-FU (400 mg/m> 5
on days 29-33)

Others » 7

All except two patients underwent platinum-based conco-
mitant chemoradiotherapy; the two exceptions were treated
by radiotherapy and docetaxel-alone chemotherapy, respect-
ively. Various chemotherapy regimens were adopted in the
treatment (Table 2). Since we had sought the optimal
regimen of chemotherapy for years and had changed the
way of the therapy, there had been heterogeneity as to che-
motherapeutic agents in the present study. The cumulative
dose of cis-diamminedichloroplatinum (cisplatin) ranged
from 80 to 300 mg/m® (median, 100 mg/m?). 5-Fluorouracil
(5-FU) was administered to 43 patients. The cumulative
dose of 5-FU ranged from 2000 to 12 000 mg/m? (median,
4000 mg/m?).

In radiation therapy, casts for immobilization and a
photon beam of 4 MV were used in all patients. The frac-
tion size was 1.5-2.0 Gy. The total dose of radiation
therapy ranged from 50 to 70 Gy, and median dose was
70 Gy. Since various treatment protocols with different frac-
tion sizes and total doses had been used in our facility, we
also calculated a biologic effective dose (BED) in a linear-
quadratic model (5). BED was defined as nd(1 4+ d/a/B),
with units of Gy, where n is the fractionation number, d the
daily dose and o/ was assumed to be 10 for tumors. The
BED ranged from 60 to 84 Gy (median, 84 Gy). Forty-one
patients were treated by a once-daily fractionation schedule
and six patients were treated by an accelerated hyperfractio-
nation schedule. In this schedule, patients initially received
40 Gy in once-daily fractionation with a fraction size of
2 Gy. After that, radiation fields were shrinked down to
avoid the spinal cord and 30 Gy was added in twice-daily
fractionation with a fraction size of 1.5 Gy. Lateral oppos-
ing portals alone or lateral opposing and anterior portals
(three-field approach) were used according to the individual
tumor spread. Stage II disease was usually treated by -
locally confined portals. The whole neck was included in
the treatment of Stages III—IV disease initially. Spinal cord
was usually avoided by cone-down field reduction after the

- administration of 40 Gy. Computed tomography images for

radiation dose distribution were attained in 14 patients.
None of the patients underwent intensity-modulated radi-
ation therapy (JMRT). Overall treatment time ranged from
31 to 109 days (median, 50 days).

_ Toxicity was assessed using the Common Terminology
Criteria for Adverse Events version 3.0 (National Cancer



Institute, Rockville, MD, USA). In these criteria, Grade.3
dysphagia is defined as symptomatic and severely altered
eating and/or swallowing, which requires intravenous fluids,
tube, feeding or total parenteral nutrition for more than 24 h.
To evaluate radiation portal size, the length of the side of
the equivalent square in each lateral opposing field was cal-
culated; the median length was 11.3 cm (5.5—16.5 cm).
Statistical analyses were performed using Fisher’s exact
test for univariate analysis and the logistic regression model
was used for multivariate analysis. Statistical significance for

all analyses was set at P < 0.05. Survival rates were calcu--

lated from the start of treatment. Survival curves were calcu-
lated using the Kaplan—Meier method. These analyses were
performed using the statistical software JMP version 5.1.1
(SAS Institute Inc., Cary, NC, USA).

RESULTS

Median follow-up time was 21 months (range, 385
months). Severe (Grade >3) dysphagia was observed in 22
patients (47%) as an acute toxic event. Severe (Grade >3)
dermatitis occurred in 18 patients and severe (Grade >3)
mucositis was observed in 18 patients.

In univariate analysis, the relationships between severe
dysphagia and the following parameters were examined:
age (<70 vs. >70 years old), performance status according
to-the Eastern Cooperative Oncology Group (0 vs. >1),
pre-treatment body weight loss (<10% vs. >10%),
smoking (<20 vs. >20 cigarettes per day), primary site
(oro-hypopharynx vs. others), clinical stage (II vs. III-IV),
radiation portal size (length of the side of the equivalent
square <11 vs. >11 cm), cumulative dose of cisplatin
(<100 vs. >100 mg/m®), cumulative dose of 5-FU
(<4000 vs. >4000 mg/m*) and radiation schedule (con-
ventional fractionation vs. hyperfractionation). The results
of univariate analysis are shown in Table 3. Primary site,
clinical stage and radiation portal size were found to sig-
nificantly influence the rate of severe dysphagia. Four par-
ameters were chosen for multivariate analysis; primary site,
clinical stage, radiation portal size and cumulative dose of
cisplatin. The results of multivariate analysis are shown in
Table 4. In this" analysis, only radiation portal
size was found to have a significant effect on the outcome
(P =0.048). ‘ :

Among the 22 patients who developed severe dysphagia,
opioid analgesics were administered to 13 patients and anti-
biotics were administered to 14 patients. As a measure for
the management of severe dysphagia, total parenteral nutri-
tion was usually adopted in our facility. Percutaneous endo-
scopic gastrostomy and nasogastric tubes were not usually
placed. Seventeen patients required total parenteral nutrition.
The median duration of severe dysphagia was 53 days
(range, 21142 days). Those patients also required pro-
longed hospitalization after termination of the treatment
(15—117 days; median, 42). Ten patients presented some sort
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Table 3. Univariate analysis to identify risk factors for severe dysphagia

Variable " Rate of patients with P value
. severe dysphagia
Age (years)
<70 _ . 43% (13/30)
>70 : 53% (9/17) 0.56
Performance status
0 48% (21/44)
>1 33% (1/3) 1.00
Pre-treatment weight loss (%)
<10 44% (16/36)
>10 55% (6/11) 0.73
Smoking (CPD)
<20 48% (12/25)
>20 45% (10/22) 1.00
Primary site V
Oro-hypopharynx 67% (12/18)
Others 34% (10/29) 0.041
Clinical stage -
I 25% (5/20)
M-IV 63% (17/27) 0.017
Radiation portal size® (cm)
<11 18% (4/22)
>1 72% (18/25) <0.001
Cumulative dose of cisplatin (mg/mz)'
<100 39% (14/36)
>100 73% (8/11) 0.083
Cumulative dose of 5-FU (mg/m?)
<4000 44% (4/9)
>4000 47% (18/38) ‘ 1.00
Radiation schedule
Conventional fractionation 47% (20/43)
Hyperfractionation 50% (2/4) 1.00

CPD, cigarettes per day.
*Length of the side of the equivalent square in each lateral opposing field
was used as a surrogate for radiation portal size.

of dysphagia at the last follow-up. One patient had been

dependent on tube feeding for more than a year.

" DISCUSSION

Cisplatin-based chemoradiotherapy for locally advanced
head and neck cancers is now recognized. as a standard
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Table 4. Multivariate analysis to identify risk factor_s for severe dysphagia

. Variable - Odds ratio (95% confidence interval) P value
Clinical stage ’ -
I
o HI-IV 1.41 (0.23-7.48) . 0.69
Primary site
Oro-hypopharynx 1.84 (0.32-10.78) 0.49
Others
Radiation portal size® (om)
<11 ‘
>11 6.03 (1.08—42.06) 0.048
Cumulative dose of cisplatin (mg/m?)
<100 ’
=100 1.99 (0.29-15.80) 0.49

*Length of the side of the equivalent sqﬁare in each lateral opposing field
was used as a surrogate for radiation portal size,

therapy for patients with inoperable disease because of its
larger survival benefit than radiation therapy alone (3).
Sometimes, this non-surgical therapy can be adopted in
operable patients to achieve better cosmetic outcome and
organ preservation. There is still room for improvement of
this therapy. Efforts to determine the optimal dosage of cyto-
toxic agents and optimal timing of chemotherapy and radio-

. therapy are still underway (6). Despite using a non-surgical .

‘modality, this can be a rather toxic form of therapy (7).
Dysphagia caused by the therapy sometimes becomes severe:
and may last for a long timé. This complication is thought to
be one of the largest obstacles in conducting concomitant
chemoradiotherapy for head and neck cancers. Few previous
studies have addressed this issue (8), but some reports men-
" tioned that more than half of the cases required enteral
feeding temporarily (9) and approximately 20% required
long-term enteral feeding (4). Rademaker et al. (10) reported
that it took approximately 1 year for a patient whose eating
ability was impaired by the therapy to recover to close to the
normal level. Nguyer et al. (11,12) reported that aspiration
. was frequently observed during the course of therapy, some-
times leading to fatal aspiration pneumonia.

As mentioned above, it is becoming clear that concomi- -

tant chemoradiotherapy for head and neck cancers can be
quite severe for patients. Therefore, care should be taken in
judging whether a patient really requires concomitant che-
motherapy (13). Administration of cisplatin at a dose of
100 mg/m? is the standard therapy, but only two-thirds of

the patients can receive all cycles of treatment with such a -

regimen (14). Improving compliance is one of the most

pressing problems remaining to be resolved. Logeman

- t al. (15) reported that alteration of chemotherapy proto-
cols had minimal effect on swallowing function, which

may mean that arrangement of usual cytotoxic agents
would not reduce the severity of this complication, -
Recently, the use of biologically targeted therapy has been
shown to improve the outcome without increasing the
common toxic effects (16). These newly "emerging
approaches represent promising means of improving treat-
ment outcome in these patients. »
Few studies have addressed risk factors for severe dyspha-
gia in chemoradiotherapy for head and neck cancers.
Mangar et al. (9) argued that clinical stage, general condition
and history of smoking could be the risk factors for severe
dysphagia. In the present study, smoking was not found to
be significant. This was assumed to be due to the strict pro-.
hibition against smoking by patients during the course of
therapy in the present study. Regarding general condition,
this type of therapy is usually confined to patients with good
performance status and this may cause selection bias.
Machtay et al. (17) reported that older age was a strong risk
factor for severe late toxicity. In the present study, which
was aimed at early toxicity, older age was not identified as
an independent risk factor. Almost all patients aged 70 or
over had excellent performance status in the present study.
The adaptation of this therapy is rather selective in our facil-
ity, which may result in suppression of the risk of dysphagia
in aged patients. Radiation portal size was found to be a risk
factor for severe dysphagia in chemoradiotherapy for head
and neck cancers in the present study. Clinical stage was
also associated with severe dysphagia in univariate analysis,
which was similar to the previous report by Mangar et al,,
but not in multivariate analysis. This could be explained by '
a requirement of larger radiation portals for higher clinical
stage, so there should be confounding factors between them.
The results presented here suggest that radiotherapy plays a
major role in the occurrence of dysphagia. It is supposed
that broader mucous membranes and more anatomical parts
important for swallowing would be affected to a greater
degree by larger radiation portals, and these must be ampli-

fied by chemotherapy. Some reports suggested that primary

site of disease could be an important risk factor (15,17). We
also identified that primary site was associated with severe
dysphagia in univariate analysis, but not in multivariate
analysis. These observations may also indicate the import-
ance of radiotherapy in the occurrence of dysphagia, as -
higher radiation dose is usually administered to the primary
site of disease. ) :

Accordingly, improving radiotherapy might lead to relief

. of this complication. IMRT has been widely used for head

and neck cancers (18). Using this advanced technique, com-
plications can be reduced without compromising therapeutic
outcome. Good local control has been achieved in a number
of leading institutions. Xerostomia, which arises as an late
toxic event, is less severe than with conventional radiother-
apy (18,19). Chemo-IMRT may cause dysphagia to some
extent, but it may be less severe than chemotherapy and
altered fractionation schedule (20), and requires less long-
term tube feeding (21). The further development of newly



emerging approaches such as IMRT may result in a decrease
in the severity of dysphagia. .

Dysphagia is a complication for which clinicians should
be prepared. It is important to take appropriate measures for
this complication. Rosenthal et al. (4) reported the import-
ance of rehabilitation as a means of coping with dysphagia.
It would be useful to identify patients at high risk of severe
dysphagia in advance so that clinicians could pay attention
to this complication from the early stages of therapy.

CONCLUSIONS

Larger radiation portal size could be a risk factor for severe
dysphagia after chemoradiotherapy for head and neck
cancers. Patients treated with broad radiation portals should
be managed carefully during the course of therapy.
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JAPANESE STRUCTURE SURVEY OF RADIATION ONCOLOGY IN 2005 BASED ON
INSTITUTIONAL STRATIFICATION OF PATTERNS OF CARE STUDY
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Purpese: To evaluate the structure of radiation oncology in Japan in terms of equlpment, personnel, patient load,
- and geographic distribution to identify and improve any deficiencies.
Methods and Materials: A questionnaire-based national structure survey was conducted between March 2006 and
February 2007 by the Japanese Society of Therapeutic Radiology and Oneology. These data were analyzed in terms
of the institutional stratification of the Patterns of Care Study.
Results: The total numbers of new cancer patients and total cancer patients (new and repeat) treated with radio-
therapy in 2005 were estimated at approximately 162,000 and 198, 000 respectively. In actual use were 765 linear
accelerators, 11 telecobalt machines, 48 GammaKnife machines, 64 °Co remote-controlled after-loading systems,
and 119 ®2Ir remote-controlled after-loading systems. The linear accelerator systems used dual-energy function in
498 systems (65%), three-dimensional conformal radiotherapy in 462 (60%), and intensity-modulated radiother-
apy in 170 (22%). There were 426 Japanese Society of Therapeutic Radiology and Oncology-certified radiation
oncologists, 774 full-time equivalent radiation oncelogists, 117 medical physicists, and 1,635 radiation therapists.
Geographically, a significant variation was found in the use of radiotherapy, from 0.9 to 2.1 patients/1,000 popu-
lation. The annual patient load/FTE radiation oncologist was 247, exceeding the Blue Book guidelines level. Pat-
terns of Care Study stratification can clearly discriminate the maturlty of structures according to their academic
nature and caseload.
Conclusions: The Japanese structure has clearly improved during the past 15 years in terms of equipment and its
use, although the shortage of manpower and variations in maturity disclosed by this Patterns of Care Study strat-
ification remain problematic. These constitute the targets for nationwide improvement in quality assurance and
quality control. © 2008 Elsevier Inc.

Structure survey, Radiotherapy facility, Radiotherapy personnel, Radiotherapy equipment, Caseload.
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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 1989 structure of
radiation oncology facilities for the entire census of facilities
in the United States. The results of the survey, together with
trends in the structure of specialization since 1974, were
reported in detail by Owen et al. (1). In 1991, the Japanese
Society of Therapeutic Radiation Oncology (JASTRO) con-
ducted the first national survey of the structure of radiother-
apy (RT) facilities in Japan based on their status in 1990,
with the results reported by Tsunemoto (2). The first compar-
ison of these two national structure surveys to illustrate the
similarities and differences present in 19891990 was con-
ducted by Teshima et al. (3) and reported in 1995. The resul-
tant international exchange of information proved valuable
for both countries, because each could improve their own
structure of radiation oncology using those data.

The Japanese structure of radiation oncology has improved
in terms of the greater number of cancer patients who are
treated with RT, as well as the public awareness of the impor-
tance of RT, although problems still exist that should be °
solved. The JASTRO has conducted national structure
surveys every 2 years since 1990 (4). In Japan, an anticancer
law was enacted in 2006 in response to patients’ urgent peti-
tions to the government. This law strongly advocates the
promotion of RT and increasing the number of radiation on-
cologists (ROs) and medical physicists. The findings of the
international comparisons and the consecutive structural
data gathered and published by the JASTRO have been
useful in convincing the Japanese bureaucracy of the impor-
tance of RT. In this report, the recent structure of radiation
oncology in Japan is presented, with reference to data
obtained from previous international comparisons.

METHODS AND MATERIALS

Between March 2006 and February 2007, the JASTRO con-
ducted a questionnaire using a national structure survey of radiation
oncology in 2005. The questionnaire included the number of treat-
ment machines by type, number of personnel by category, and num-
ber of patients by type, site, and treatment modality. For variables
measured over a period, data were requested for the calendar year

2005. The response rate was 712 (96.9%) of 735 of active facilities.

The data from 511 institutions (69.5%) were registered in the In-

ternational Directory of Radiotherapy Centres in Vienna, Austria
in April 2007. ‘
The PCS was introduced in Japan in 1996 (5-11). The PCS in the
United States used structural stratification to analyze the national
averages for the data in each survey item using two-stage cluster
sampling. The Japanese PCS used similar methods. We stratified
the RT facilities nationwide into four categories for the regular struc-
ture surveys. This stratification was based on academic conditions
and the annual number of patients treated with RT in each institution,
because the academic institutions require, and have access to, more
resources for education and training and the annual caseload also
constitutes essential information related to structure. For the present
study, the following institutional stratification was used: A1, univer-
sity hospitals/cancer centers treating =440 patients/y; A2, the same
type of institutions treating =439 patients/y; B1, other national/
public hospitals treating =130 patients/y; and B2, other national
hospital/public hospitals treating <129 patients/y.
" The Statistical Analysis Systems, version 8.02 (SAS Institute,
Cary, NC), software program (12) was used for statistical analyses,
and statistical significance was tested using the chi-square test, Stu-
dent ¢ 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) requiring RT in 2005 were esti-
mated at approximately 162,000 and 198,000, respectively.

" According to the PCS stratification of institutions, almost

40% of the patients were treated at academic institutions (cat-
egories Al and A2), even though these academic institutions
constituted only 18% of the 732 RT facilities nationwide.
The cancer incidence in Japan in 2005 was estimated at
660,578 (13) with approximately 25% of all newly diagnosed
patients treated with RT. The number has increased steadily
during the past 10 years and is predicted to increase further (4).

Facility and equipment patterns

Table 2 lists the RT equipment and related function. In ac-
tual use were 767 linear accelerators, 11 telecobalt machines,
48 Gamma Knife machines, 65 °°Co remote-controlled after-
loading systems (RALSs), and 119 1921 RALSs. The linear
accelerator system used dual-energy function in 498 systems

Table 1. PCS stratification of radiotherapy facilities in Japan

Institution ~ Facilities New Average new Total patients Average total
Category Description n patients (n)  patients/facility* (n)  (new + repeat) (n)  patients/facility* (n)
Al UH and CC (=440 patients/y) 66 45,866 694.9 54,885 831.6
A2 UH and CC (<440 patients/y) 67 17,161 | 256.1 21,415 319.6
Bl Other (=130 patients/y) 290 71,627 247.0 88,757 306.1
B2 Other (<130 patients/y) 289 - 21,664 75.0 26,116 90.4
Total 712 156,318 219.5 191,173 268.5
Abbreviations: PCS = Patterns of Care Study; UH = university hospital; CC = cancer center hospital; Other = other national, city, or public
hospital. ~
* p < 0.0001.

! Number of radiotherapy institutions was 735 in 2005, and number of new patients was estimated at approximately 162,000; corresponding

number of total patients (new plus repeat) was 198, 000.
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Table 4. Structure and personnel by PCS institutional stratification

Structure and personnel

Al A2 B! B2 Total
(n=66) (n=67) (n = 290) (n=289) p-value (n=1712)
Institutions/total institutions (%) 9.3 94 40.7 40.6 100
Institutions with RT bed (n) 57 (86.4) 35 (52.2) 127 (43.8) 68 (23.5) 287 (40.3)
Average RT beds/institution (n) 14.0 4.8 34 1.0 3.6
JASTRO-certified RO (full time) 181 62 139 44 : 426
Average JASTRO-certified RO/institution (n) 2.7 0.9 0.5 0.2 <0.0001 0.6
Total (full-time and part-time) RO FTE* 290.9 95.55 258.77 129.24 774.46
Average FTE ROs/institution 441 1.43 0.89 045 <0.0001 1.09
Patient load/FTE RO 188.7 224.1 343.0 202.1 <0.0001 246.8
Total RT* technologists 388.6 176.3 637.7 431.9 1634.5
Average technologists/institution (n) 59 2.6 22 1.5 <0.0001 23
Patient load/RT technologist 141.2 121.5 139.2 60.5 <0.0001 117.0
Total nurses/assistants/clerks (n) 202.2 924 390.55 221.8 907
Full-time medical 51+10.1 8+7 39+7 19+6 117 +30.1
physicists + part-time (1) :
Full-time RT QA staff + part-time 81+0 31+7 102.5+3 423 +3 256.8 + 13

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

Data in parentheses are percentages.

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

% Institutions

the increase in the elderly population of developed countries
is the greatest in Japan, RT is expected to play an increasingly
important role. : :
Compared with 1990, the number of linear accelerator sys-
tems increased significantly by 2.3 times, and the percentage
of systems using telecobalt decreased to 7%. Furthermore,
the functions of linear accelerators, such as dual energy,
three-dimensional conformal RT (multileaf collimator width
<1 c¢m), and IMRT improved. The number of high-dose-rate
RALS in use increased by 1.4 times and the use of
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* Number of .FTEs for institutions with FTE<1 was calculated as FTE=1 to avoid overestimating pateint’ load/R.0. *

Fig. 1. Percentage of institutions by patient load/full-time equivalent (FTE) staff of radiation oncologists (RO) in Japan.
White bars represent institutions with one or more FTE staff, and gray bars represent institutions with fewer than one FTE
radiation oncologist. Each bar represents interval of 50 patients/FTE radiation oncologist.
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Fig. 2. Percentage of institutions by patient load/radiotherapy technologist in Japan. Each bar represents interval of 20

patients/full-time equivalent staff,

60Co-RALS has largely been replaced by ***Ir-RALS. CT
simulators. were installed in 55% of institutions nationwide,
and RT planning systems were used in 93%, for an increase
in the number of RT planning systems of 4.87 times. The
maturity of the functions of linear accelerator and greater pos-
session rates of CT simulators and systems using 92 .RALS
were closely related to the institutional stratification by PCS,
which could therefore aid in the accurate discrimination of
structural maturity and immaturity and the identification of
structural targets to be improved. The Japanese PCS group
published structural guidelines based on the PCS data (16),
and we plan to use this structural data for a new PCS to revise
the Japanese structural guidelines.

The staffing patterns in Japan also improved in terms of
numbers. However, the institutions that had fewer than one
FTE RO on their staff still accounted for >60% nationwide,
and this rate did not change during the 15 years from 1990
to 2005. In Japan, most institutions still rely on part-time
ROs. First, the number of cancer patients who require RT
is increasing more rapidly than the number of ROs. Second,
specialist fees for RO$ in academic institutions are not recog-
nized by the Japanese medical care insurance system, which
is strictly controlled by the government. Most ROs must
therefore work part-time at affiliated hospitals in the B1
and B2 groups to eamn a living. Thus, to reduce the number
of institutions that rely on part-time ROs and might encounter

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

Al (n=65) A2 (n=67) Bl (n=285) B2 (n=284) Total (n = 701)

Primary site ‘ n % n, % n % n % n %
Cerebrospinal - 2,603 5.6 770 45 4431 6.4 795 3.6 8,599 5.6
Head and neck (including thyroid) 6,318 13.7 2,372 13.9 6,033 8.7 1,650 1.5 16,373 10.6
Esophagus 3,164 6.9 1,171 6.9 4,426 6.4 1,452 6.6 10,213 6.6
Lung, trachea, and mediastinum 7,069 153 2,639 155 14946 215 5,386 24.6 30,040 194
Lung 5,469 11.8 2,272 13.3 12,917 18.6 4,734 21.6 25,392 164
Breast 8,945 194 3,049 17.9 14,148 20.4 4,119 18.8 30,261 19.6
Liver, biliary tract, pancreas 1,936 42 713 42 2,742 3.9 964 4.4 6,355 4.1
Gastric, small intestine, colorectal - 1,897 4.1 806 4.7 3,742 54 1,399 6.4 7,844 5.1
Gynecologic 3,253 7.0 1,156 6.8 3,405 4.9 855 39 8,669 56
Urogenital 5,544 12.0 2,043 12.0 8,068 11.6 2905 . 133 18,560 12.0
Prostate 14,290 9.3 1,385 8.1 5,627 8.1 1,916 8.8 13,218 8.6’
Hematopoietic and lymphatic 2,460 53 1,052 62 3,624 52 904 4.1 8,040 52
Skin, bone, and soft tissue 1,607 3.5 749 44 1,830 26 1,018 4.6 5,204 34
Other (malignant) 705 1.5. 235 1.4 822 1.2 313 14 2,075 13
Benign tumors 664 1.4 268 1.6 1,289 1.9 135 0.6 2,356 1.5
Pediatric <15 y (included in totals above) 435 0.9 123 0.7 187 0.3 302 1.4 1,047 0.7
Total : 46,165 100 17,023 100 69,506 100 21,895 100 154,589"  (100)

Abbreviations as in Table 2.

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

Al (n = 66) A2 (n=67) Bl (n =290) B2 (n = 289) Total (n=712)
Specific therapy n % n % n % n % p n %

Intracavitary RT (n) <0.0001

Treatment facilities 61 924 37 552 71 . 245 12 42 181 254

Cases 1,670 527 974 75 3,246
Interstitial RT <0.0001

Treatment facilities 42 636 14 20.9 18 6.2 5 1.7 ‘ 79 11.1

Cases 1,818 286 638 31 2,773
Radioactive iodine therapy <0.0001

for prostate cancer :

Treatment facilities 25 379 6 9.0 7 2.4 1 0.3 39 5.5

Cases 1,166 152 430 17 1,765
Total body RT . <0.0001

Treatment facilities 60  90.9 36 53.7 78 26.9 17 59 191 26.8

Cases 706 237 687 108 ‘ 1,738
Intraoperative RT : <0.0001

Treatment facilities 23 348 12 17.9 20 7.0 11 3.8 66 9.3

Cases 212 39 mn 25 387
Stereotactic brain RT . <0.0001

Treatment facilities 46  69.7 31 46.3 91 314 29 10.0 197 277

Cases 1,680 482 8,513 447 11,122
Stereotactic body RT <0.0001

Treatment facilities 31 500 14 20.9 36 124 11 3.8 92 12.9

Cases 482 263 679 234 1,658
IMRT <0.0001

Treatment facilities 16 242 4 6.0 12 4.1 1 03 33 4.6

Cases 426 67 212 50 . 755 i
Thermoradiotherapy ‘ 0.0004

Treatment facilities 10 15.2 4 - 60 15 52 7 24 36 5.1

Cases 339 27

134 81 581

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

problems with their quality of care, a drastic reform of our
current medical care systems is required. However, great
care is needed to ensure that the long-term success of radia-
tion oncology in Japan and patient benefits are well balanced
with the costs. Even under the current conditions, however,

the number of FTE ROs increased by 2.1 times compared-

with the number in 1990 (3). However, the patient load/
FTE RO also increased by 1.4 times to 247 during the
same period, perhaps reflecting the growing popularity of
RT because of recent advances in technology and improve-
ment in clinical results. This caseload ratio in Japan has al-
ready exceeded the limit of the Blue Book guidelines of
200 patients/RO (15, 16). The percentage of distribution of
institutions by patient load/RO showed a slightly smaller dis-
tribution than that of the United States in 1989 (3). Therefore,
Japanese radiation oncology seems to be catching up quickly

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

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

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

Patients

Metastasis Al (n=66) A2(n=67) Bl {(n=290) B2 (n=289) p

Total (n =712)

2,565 (4.7) 1,204 (5.6)
6,243 (11.4) 2,845 (13.3)

Brain
Bone

9,774 (11.0)
13,331 (15.0) 5,057 (19.4)

<0.0001
<0.0001

15,321 (8.0)
27,476 (14.4)

1,778 (6.8)

Data presented as number of patients, with percentages in parentheses.
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Fig. 3. Geographic distribution for 47 prefectures of annual number of patients (new plus repeat) per 1,000 population
arranged in order of increasing number of Japanese Society of Therapeutic Radiation Oncology (JASTRO)-certified radi-
ation oncologists (RO)/1,000,000 population by prefecture. Q1, 0-25%; Q2, 26-50%; Q3, 51-75%; and Q4, 76-100%.
Horizontal bar shows average annual number of patients (new plus repeat) per 1,000 population of prefectures per quarter.

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

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

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

The geographic patterns demonstrated significant differ- -
ences among the prefectures in the use of RT, ranging from
0.9 to 2.1 patients/1,000 population. Furthermore, the number
of JASTRO-certified physicians/population might be associ-
ated with the use of RT, so that a shortage of ROs or medical

‘physicists on aregional basis will remain a major concern in Ja-

pan. The JASTRO has been making every effort to recruit and
educate ROs and medical physicists through public relations,
training courses, involvement in the national examination for
physicians, and seeking to increase the reimbursement by the

government-controlled insurance program, and other actions. ‘

CONCLUSION

The Japanese structure of radiation oncology has clearly
improved during the past 15 years in.terms of equipment
and its functions, although a shortage of manpower and
differences in maturity by type of institution and caseload
remain. Structural immaturity is an immediate target for im-
provement, and, for improvements in process and outcome,
the PCS or National Cancer Database, which are currently
operational and being closely examined, can be expected to
play an important role in the future.
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