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INTRODUCTION

Several advanced radiotherapy technologies have been intro-
duced over the last decade, and their use has contributed to
both reductions in the rates of treatment-related complications
and improvements in patients’ quality of life after cancer treat-
ment (1-3). In the USA, the proportion of intensity-modulated
radiotherapy (IMRT) used for patients with prostate cancer rose
from 28.7% in 2002 to 81.7% in 2005 (4), and the proportion of
IMRT for head and neck cancers rose from 1.3% in 2000 to
46.1% in 2005 (3). Pan et al. (6) conducted a survey on the use
of advanced radiotherapy technologies in the USA, and they
found that the cumulative adoption of stereotactic body radio-
therapy (SBRT) for the treatment of any disease site was <5%
in 2000 versus >60% in 2010. The percentage of physicians
using SBRT was 63.9%, but nearly one-half of the physicians
reported that they first used SBRT in 2008 or later. IMRT and
SBRT have rapidly become widely adopted among American
radiation oncologists (ROs).

The Japanese government enacted the Basic Act for
Anti-Cancer Measures in June 2006 to promote comprehen-
sive strategies against cancer. The government set basic guide-
lines and founded a system of designated cancer care hospitals
(DCCHs). The prefectural DCCH (P-DCCH) is defined as the
coordinating hospital of each prefecture (the 47 prefectures in
Japan are akin to the states in the USA), and the regional
DCCHs (R-DCCHs) are mainly cardinal hospitals in the
secondary medical care area of prefecture. The DCCHs are
required to cooperate with each other to deliver comprehen-
sive cancer care, including adequate radiotherapy, surgical
treatment, systemic chemotherapy and palliative care to all
citizens.

We conducted the present study to survey the current situ-
ation regarding the use of novel radiotherapy technologies
such as IMRT and SBRT at all of the DCCHs in Japan.

PATIENTS AND METHODS

There are currently two national cancer centers: 51 P-DCCHs
and 344 R-DCCHs in Japan (total, 397 DCCHs). We included
the two national cancer centers in the grouping of P-DCCHS
for a total of 53 hospitals that are defined as P-DCCHs in this
analysis. We obtained the institutional information of the
DCCHs from the Center for Cancer Control and Information
Services of the National Cancer Center, Japan. The data from
each DCCH were submitted to the Ministry of Health, Labor
and Welfare of Japan in October 2011, and that of each
DCCH has been updated on a regular basis.

We collected the data of all 397 DCCHs, which included
the number of medical staff working in radiotherapy depart-
ments, such as ROs, medical physicists (MPs), radiotherapy
quality managers (RQMs) and radiation therapists (RTs), the
number of linear accelerators, the number of patients who
were treated with radiotherapy per year and radiotherapy use
for each disease site in detail (e.g. SBRT, IMRT and brachy-
therapy) as of November 2012. We calculated the proportion

IMRT/SBRT in designated cancer care hospitals

of implementation of the advanced radiation techniques for
IMRT for head and neck and prostate cancers, and SBRT for
lung cancer according to each kind of DCCH. The propor-
tion of implementation means that of institutions which have
potential availability of advanced radiation technologies.

Differences between the two sample medians for continu-
ous variables were analyzed using Pearson’s chi-squared test.
P values of <0.05 were considered significant. Multivariate
analyses were performed using the logistic regression model.
Statistical analyses were performed using JMP version 10.0.0
(SAS Institute, Inc.).

RESULTS

INSTITUTE’S QUALIFICATION FOR ADVANCED RADIOTHERAPY
TECHNOLOGIES

Japanese health insurance providers cover the cost of SBRT
and IMRT only at hospitals which satisfy the institute’s quali-
fication including the number and year of experience of full-
time ROs, appropriate treatment machine and planning
systems for these advanced radiotherapy techniques and ad-
equate radiotherapy quality control (QC) system. The insti-
tute’s qualification for IMRT includes (i) two or more
full-time ROs, (ii) at least one of them who has over 5 years
experience in radiotherapy, (iii) at least one full-time RT who
has over 5 years experience in radiotherapy, (iv) appropriate
treatment machine and inverse planning systems for IMRT
and (v) adequate radiotherapy QC system. The institute’s
qualification for stereotactic radiotherapy (SRT) includes (i) at
least one full-time RO, (ii) appropriate treatment machine for
SRT and (iii) appropriate treatment system for SRT. Thirty
P-DCCHs (57%) satisfy the institute’s qualification for IMRT,
and 76 R-DCCHs (22%) satisfy it (P < 0.001). Forty-seven
P-DCCHs (89%) with institute’s qualification for SRT, and
175 R-DCCHs (51%) satisfy it (P < 0.001).

IMRT ror HEAD AND NECk CANCERS

In November 2012, only 53% P-DCCHs and 16% R-DCCHs
had been using IMRT for head and neck cancers. The results
of our univariate analyses of the implementation of IMRT
for head and neck cancers, which included the number of
linear accelerators, those of medical staff such as ROs, RTs,
RQMs and MPs are shown in Table | according to the types
of DCCH. We analyzed the 30 P-DCCHs which satisfy the
institute’s qualification for IMRT, and the multivariate ana-
lysis including the five factors listed above revealed that
there was no factor associated with IMRT implementation
for head and neck cancers (Table 2). But there was a trend
to correlate the number of ROs with IMRT implementation
for head and neck cancers (P = 0.08). We analyzed the 76
R-DCCHs with institute’s qualification for IMRT, and the
multivariate analysis revealed that there was no factor asso-
ciated with IMRT implementation for head and neck cancers
(Table 2).
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Table 1. Univariate analysis of implementation of IMRT and SBRT according to the type of designated cancer care hospital

Prefectural designated cancer care hospitals

Regional designated cancer care hospitals

Implementation, Non-implementation, P value Implementation, Non-implementation, P value
median (range) median (range) median (range) median (range)
IMRT for head and neck cancer .
No. of linear accelerators 3(2-4) 2 (1-4) 0.07 2(1-3) 1(1-3) 0.0001
No. of ROs 4(1-11) 2 (0-5) 0.06 2(0-36)° 1(0-8) 0.0001
No. of radiation therapists 6.5(2-15) 4(1-18) 0.33 4(1-11) 2 (1-10) 0.0001
No. of radiation quality managers 2(1-18) 2(1-5) 0.26 2(1-8) 2(1-9) 0.28
No. of medical physicists 1 (0-5) 1(0-3) 0.41 1(0-7) 0(0—4) 0.0001
IMRT for prostate cancer”
No. of linear accelerators 3(1-4) 2(1-4) 0.16 2(1-3) 1(1-3) 0.0001
No. of ROs 4(1-11) 3(0-7) 0.38 2 (0-36)° 1(0-8) 0.0001
No. of radiation therapists 7(2-15) 4(2-18) 0.01 4(1-11) 2 (1-10) 0.0001
No. of radiation quality managers 2(1-13) 1(1-18) 0.49 2(1-8) 2(1-9) 0.20
No. of medical physicists 1(0-5) 0.5 (1-4) 0.57 1(0-7) 0(0—-4) 0.0001
SBRT for lung cancer
No. of linear accelerators 3(1-4) 2(1-4) 0.14 1(1-3) 1(1-3) 0.0001
No. of ROs 3(1-11) 2(0-5) 0.12 1(0-9)° 1(0-36) 0.0001
No. of radiation therapists 6 (1-18) 4(1-12) 0.11 3(1-11) 2(1-8) 0.0001
No. of radiation quality managers 2(1-18) 1.5 (1-5) 0.73 2(1-3) 2(1-9) 0.15
No. of medical physicists 1 (0-5) 0.5 (0—4) 0.16 1(0-7) 0(0—4) 0.007

Data are expressed as median (range) values unless otherwise specified.

ROs, radiation oncologists; IMRT, intensity-modulated radiotherapy; SBRT, stereotactic body radiotherapy.

*The data of three hospitals were not available.

A part of hospitals which have full-time radiation oncologists seem to submit under-reporting of them in error.

IMRT rFor PrROSTATE CANCER

Only 62% P-DCCHs and 23% R-DCCHs had been using
IMRT for prostate cancer. The results of the univariate ana-
lysis of IMRT for prostate cancer, which included the five
factors listed above, are shown in Table | according to the
types of DCCHs. We analyzed the 30 P-DCCHs with insti-
tute’s qualification for IMRT, and the multivariate analysis
revealed that the number of ROs (P = 0.01) and that of RTs
(P = 0.003) were significantly correlated with IMRT imple-
mentation for prostate cancers (Table 2). Our multivariate ana-
lysis of the 76 R-DCCHs with institute’s qualification for
IMRT revealed no factor associated with IMRT implementa-
tion for prostate cancer.

SBRT ror LunG CANCER

At the time of our survey, 74% P-DCCHs and 40% R-DCCHs
were using SBRT for lung cancer. The results of the univariate
analysis of SBRT for lung cancer are shown according to the
types of DCCH (Table 1). We analyzed the 47 P-DCCHs with
institute’s qualification for SBRT, and the multivariate ana-
lysis including the five factors listed above revealed that the
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number of ROs was significantly correlated with SBRT imple-
mentation for lung cancers (P = 0.02) (Table 2). There was a
trend to correlate the number of MPs with SBRT implementa-
tion for lung cancers (P = 0.07). We analyzed the 175
R-DCCHs with institute’s qualification for SBRT, and the
multivariate analysis revealed that there was no factor asso-
ciated with SBRT implementation for lung cancers at these
hospitals.

QuariTy AsSURANCE/QUALITY ConTrOL (QA/QC) SYSTEM

The freedom of information act data from the Center for
Cancer Control and Information Services showed that only
nine P-DCCHs (17%) and 46 R-DCCHs (13%) had a radio-
therapy quality assurance (QA) committee, and the output
dose of linear accelerators was evaluated by a third party in
only 26 P-DCCHs (49%) and 150 R-DCCHs (44%).

DISCUSSION

IMRT reduces the dose to the organ at risk while maintaining
good coverage of the target (1), and it has rapidly become a



Page 4 of 6

IMRT/SBRT in designated cancer care hospitals

Table 2. Multivariate analysis of implementation of IMRT and SBRT according to the type of designated cancer care hospital that has institute’s qualification for

advanced technologies

IMRT Prefectural designated cancer care hospitals (rn = 30) Regional designated cancer care hospitals (n = 76) *
Head and neck cancer Implementation (n = 23), median (range) P value Implementation (» = 40), median (range) P value
No. of linear accelerators 3(2-4) 0.86 2(1-3) 0.64¢
No. of radiation oncologists 4(2-11) 0.08 2.5(1-36) 0.46
No. of radiation therapists 8 (2—-15) 0.62 S(1-11) 0.31
No. of radiotherapy quality managers 2(1-18) 0.29 2 (1-8) 0.49
No. of medical physicists 2 (0-5) 0.99 1 (0-7) 0.64

Prostate cancer Implementation (n = 28) Implementation (n = 61)
No. of linear accelerators 3{2-4) 0.9 2{1-3) 0.69
No. of radiation oncologists 4(2-11) 0.01 2 (1-36) 0.59
No. of radiation therapists 7(2-15) 0.003 5(1-11) 0.19
No. of radiotherapy quality managers 2(1-13) 0.99 2(1-8) 0.86
No. of medical physicists 1.5 (0-5) 0.99 1(0-7) 0.90

SBRT Prefectural designated cancer care hospitals (n = 47) Regional designated cancer care hospitals (n = 175)°

Lung cancer Implementation (n = 37) P value Implementation (n = 116) P value
No. of linear accelerators 3(1-4) 0.52 1(1-3) 0.30
No. of radiation oncologists 4(1-11) 0.02 2 (0-9)° 0.70
No. of radiation therapists 7(1-18) 0.29 3(1-11) 0.24
No. of radiotherapy quality managers 2(1-18) 0.73 2(1-8) 0.70
No. of medical physicists 1(0-5) 0.07 1 (0-7) 031

Data are median (range) unless otherwise specified.
*The data of four hospitals were not available.
“The data of three hospitals were not available.

°A part of hospitals which have full-time radiation oncologists seems to submit under-reporting of them in error.

widely adopted treatment approach among American ROs.
This increase in the use of IMRT could be attributed in part to
the fact that multiple investigators have reported dosimetric
advantages and consequent improvement in the xerostomia
rate, rectal toxicity rate and quality of life measures following
the use of IMRT (3,7,8).

In the UK, Mayles et al. performed a survey and found that
in 2008 only 6.7% of the patients with head and neck cancers
and 7.5% of the patients with prostate cancers received IMRT
(9). Their survey included questions about the reasons for not
using IMRT, and the respondents’ answer showed that the
main reasons for the lack of progress in using IMRT in the UK
were the inadequate availability of MPs, the lack of funding,
the lack of equipment and the inadequate availability of ROs.
The present IMRT situations in the UK is thus similar in some
ways to those in Japan, with the need for more ROs and other
types of medical staff in the department of radiation oncology
for the establishment of a training system for IMRT. In par-
ticular, in Japan’s R-DCCHs, the proportion of implementa-
tion of IMRT is very small, and the insufficient number of
medical staff working in radiotherapy departments and the
small number of R-DCCHs with institute’s qualification for
IMRT have been serious problems. The high fee for IMRT
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might lead to its prevalence, but it causes the unnecessary im-
plementation for the patients who do not receive its benefit.
The appropriate indication of advanced radiation technologies
should be established.

In contrast, in the USA, the rapid adoption of IMRT in the
wider clinical practice has shown that there is great variability
in IMRT delivery such as incorrect contouring and the various
margins, dose and techniques used for anal cancer and other
malignancies (10,11). The establishment of adequate IMRT
requires not only sufficient number of operating staff, but also
the preparation of IMRT training programs for each type of
operating staff in the radiation department (12). Routsis et al.
(13) proposed that the reason for the slow adoption of IMRT
in the UK is associated with insufficient understanding and
skills concerning IMRT among the operating staff. The
Radiotherapy Development Board in the UK has begun edu-
cation and training programs for IMRT for each type of
medical staff in the radiation department. Our survey revealed
that the proportion of IMRT for head and neck cancers in
Japan was small. Especially, head and neck anatomy is
complex, and the physical examination, image evaluation and
radiation treatment of this region are technically demanding.
Rosenthal et al. (14) emphasized the importance of the patient



examination in the clinical quality assurance of head and neck
radiotherapy, and they observed that a co-examination by a
second head and neck cancer specialist—typically a RO or a
head and neck surgeon—improved the accuracy of the radi-
ation plan, including the target volume. The adequate IMRT
for head and neck cancers requires not only a sufficient system
of radiation oncology department, but also experienced head
and neck surgeon’s team.

SBRT uses an advanced technology to deliver a potent abla-
tive high dose of radiation to deep-seated tumors, in a limited
number of fractions to extracranial targets such as lung, liver,
spine, pancreas, kidney and prostate (15). But the Japanese
health insurance providers cover the cost of SBRT for only
primary lung cancer, metastatic lung tumor, primary hepatic
cancer, metastatic liver tumor and arteriovenous malformation
of spinal cord. Accurate SBRT requires an immobilization
system to prevent patient movement, accurate repositioning in
each treatment, rigorous accounting of organ motion, stereo-
tactic registration in the treatment system of the tumor targets
and the normal-tissue avoidance structures and ablative high
doses delivered to the patient with sub-centimeter accuracy.
The implementation of accurate SBRT also requires sufficient
understanding and skills among the operative staff, including
ROs, MPs, RTs and RQMs. Pan et al. (6) performed an online
SBRT survey for the American Society for Radiation
Oncology members, and the results revealed that ROs in aca-
demic centers were more likely to cite clinical research as a
motivation for SBRT adoption (59 versus 18%; P < 0.0001)
compared with those in private practice. The other common
reasons for adopting SBRT were to allow the delivery of doses
higher than conventional radiation doses and retreatment.
SBRT for small-sized lung cancer seems to be one of the op-
tional treatments for medically inoperative patients (2). The
rapidly aging society of Japan is a serious problem, and SBRT
may be an important treatment option for elderly patients with
comorbidities.

The UK guidelines emphasized the importance of QA/QC
systems in the safe delivery of advanced radiotherapy
technologies (12). In Japan, only ~15% of the DCCHs have
radiotherapy QA committees. Within each hospital, QA com-
mittees should hold regular meetings not only to manage the
quality of radiotherapy, but also to maintain the safety of
patients and working staff in the department of radiation on-
cology at all times (16—19). The QA committee should make
concrete QA/QC manuals, work flow of plans for radiotherapy
and educational programs for radiotherapy staff (11,17,18,20).
The linear accelerator output dose was evaluated by a trusted
third party in less than one-half of the DCCHs in Japan. The
International Atomic Energy Agency and World Health
Organization have measured the output dose of linear accel-
erators, and >60% of institutions worldwide which have
linear accelerators are evaluated by these trusted third-party
organizations (18). From an international viewpoint, the
QA/QC systems in Japanese hospitals are insufficient. An ad-
equate QA/QC system should be established in each hospital
for the use of advanced radiotherapy technologies.
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Our survey has some limitations. The patient’s choice of
hospitals is associated with high-volume hospitals and imple-
mentation of advanced radiation technologies, and the use of
advanced radiation technologies might be based on the suffi-
cient manpower in the department of radiation oncology, phy-
sicians’ abilities and the radiation treatment systems,
including high-quality linear accelerator and radiation plan-
ning machine, which are appropriate for the advanced tech-
nologies, and QA/QC systems. Our survey mainly focused on
the number of medical staft in the department of radiation on-
cology. We could not ascertain the subspecialties, license and
years of experience of the medical staff, or the quality of the
linear accelerators and radiation planning systems. Surveys in-
cluding the year of experience of the medical staff and the
details of the radiotherapy treatment systems will be helpful to
clarify the problems regarding the advanced radiation tech-
nologies in Japan. We could not analyze the role of nurse in
the radiotherapy department because of lack of information.
A part of P-DCCH and R-DCCHs seem to have submitted
wrong data to the Ministry of Health, Labor and Welfare of
Japan (e.g. number of full-time ROs) in error. There are some
discrepancies between the number of hospitals with the insti-
tute’s qualification for advanced radiotherapy technologies
and those of hospitals which used these techniques. But we
could not check all of them because of large volume of data.
We performed analyses using the original data.
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Summary

A paradigm shift in radiation treatment strategy for pros-
tate cancer by intensity-modulated radiotherapy and
brachytherapy

A paradigm shift in radiation treatment strategy for
prostate cancer has been stimulated by precise radio-
therapy including intensity-modulated radiotherapy
(IMRT) and brachytherapy. Using IMRT technique,
dose escalation has been achieved without increas-
ing late gastrointestinal toxicities. Hypofractionation
treatment protocols for prostate cancer with IMRT
and image-guided radiotherapy may have a thera-
peutic advantage, Low dose rate brachytherapy may
offer a better outcome for high-risk prostate cancer.
However, in addition to the introduction of new tech-
nologies, it is also important to evaluate the quality of
new treatment techniques in each institution.

Katsumasa Nakamura et al
Department of Clinical Radiology

Graduate School of Medical Sciences, Kyushu
University
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Permanent implant brachytherapy for prostate cancer using
iodine-125 seeds was adopted in Japan in 2003. Here, we report
on the diffusion pattern of this treatment in Japan since 2003.
We examined the annual numbers of prostate cancer patients per
hospital in Japan, who were treated with iodine-125 seed
implant brachytherapy with or without external beam radiation
therapy between 2003 and 2011. The hospitals were excluded
from the count if brachytherapy was begun in a hospital within
the given year, and thus was only available for part of the year.
In 2004, 269 patients were treated by brachytherapy at only two
hospitals. However, the numbers increased rapidly. A total of
1412 patients were treated at 23 hospitals in 2005, 2783 patients
were treated at 83 hospitals in 2008, and 3793 patients were
treated at 109 hospitals in 2011. The mean/median numbers of
patients treated per hospital were 61.4/42 in 2005, 33.5/25 in
2008, and 35.0/24 in 2011. The number of hospitals where 24 or
fewer patients were treated in a year increased. On the other
hand, the number of hospitals with a volume of >48 patients per
year was stable. Because a relationship between provider volume
and outcomes following oncological procedures was shown, a
careful evaluation of the effectiveness of permanent implant
brachytherapy for prostate cancer is needed. (Cancer Sci, doi:
10.1111/cas.12168, 2013)

W hen a medical technology, the usefulness of which has
been established, is adopted in a country, how does
the technology diffuse into medical practice? The speed and
degrees of the diffusion depend upon many factors: consumer
demand, promotional efforts of technology manufacturers,
medical education, health insurance and payment systems, and
governmental regulatory policies."

Permanent implant brachytherapy for prostate cancer using
jodine-125 (I-125) seeds was adopted in Japan in 2003.%) The
advantages of brachytherapy had been well recognized,”® and
the expectation for treatment was very high among Japanese
urologists and radiation oncologists. In addition, the Cancer
Control Act was approved in June 2006. Based on this law,
the Basic Plan to Promote Cancer Control Programs was
approved. One of its basic concepts is the equalization of
cancer medical services including radiation therapy. This basic
plan has stimulated the installation of new radiation therapy
equipment at core hospitals.

In this study, we report on the diffusion pattern of permanent
‘implant brachytherapy for prostate cancer in Japan since 2003,
focusing in particular on the changes in the annual numbers of
patients treated by brachytherapy per hospital since 2003.

Materials and Methods

We examined the annual numbers of prostate cancer patients
per hospital in Japan, who were treated with I-125 seed

doi: 10.1111/cas.12168
© 2013 Japanese Cancer Association

implant brachytherapy with or without external beam radiation
therapy. The use of palladium-103 (Pd-103) seeds, which is
common in the United States, is not permitted in Japan. To
elucidate the actual number of patients treated in a year, the
hospitals were excluded from the count if brachytherapy was
begun in a hospital within the given year, and thus was only
available for part of the year. Because brachytherapy using
I-125 seeds was adopted in Japan in 2003, the annual numbers
of patients treated with brachytherapy between 2004 and 2011
were examined. These data were estimated from the database
by Japanese Prostate Permanent Seed Implantation Study
Group.® In Japan, I-125 seeds are supplied from two radiation
source supply companies to medical institutions via the Japan
Radioisotope Association (JRIA). Their database was also used
to confirm the estimation.

Results

The total estimated number of patients treated with brachyther-
apy at hospitals where more than 1 year had passed since
brachytherapy was first made available is shown in Table 1. In
2004, 269 patients were treated by brachytherapy only in two
hospitals. However, the numbers increased rapidly. A total of
1412 patients were treated at 23 hospitals in 2005, 2783
patients were treated at 83 hospitals in 2008, and 3793 patients
were treated at 109 hospitals in 2011.

Figure 1 shows the number of patients treated per hospital
in 2005, 2008, and 2011. The mean/median number of
patients treated per hospital was 61.4/42 in 2005, 33.5/25 in
2008, and 35.0/24 in 2011. Almost half of the patients in
Japan were treated at the top six hospitals in 2005, at the top
18 hospitals in 2008, and at the top 22 hospitals in 2011. The
number of hospitals in which 24 or fewer patients were treated
in a year (i.e., two patients per month) was four in 2005, 40 in
2008, and 60 in 2011.

Figure 2 shows the distribution of the annual number of
patients treated with brachytherapy per hospital from 2004 to
2011. The percentage of hospitals is also shown according to
the number of patients per year in Table 1. The number of
hospitals where 24 or fewer patients were treated in a year
increased rapidly, in particular after 2006. On the other hand,
the number of hospitals with a volume of >48 patients per year
was stable.

Discussion

Although the advantages of brachytherapy were well recog-
nized among Japanese urologists and radiation oncologists,
low dose rate brachytherapy for prostate cancer using I-125 or
Pd-103 seeds had not been allowed in Japan, because of the

5To whom correspondence should be addressed.
E-mail: nakam@radiol.med.kyushu-u.ac.jp
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Table 1. Total number of hospitals/patients and the breakdown of hospitals according to the number of patients per year, among hospitals
where more than 1 year has passed since brachytherapy was first made available
2004 2005 2006 2007 2008 2009 2010 2011
Total number of hospitals 2 23 38 60 83 94 102 109
Estimated total number of patients 269 1412 1795 2516 2783 3112 3442 3793
Percentage of hospitals
>96 patients/year 50.0 17.4 7.9 5.0 4.8 7.4 6.9 6.4
48-96 patients/year 50.0 30.4 28.9 233 10.8 10.6 11.8 1.9
24-48 patients/year 0.0 34.8 36.8 35.0 36.1 31.9 24.5 26.6
12-24 patients/year 0.0 17.4 10.5 18.3 325 28.7 35.3 33.9
< 12 patients/year 0.0 0.0 15.8 18.3 15.7 21.3 21.6 21.1

300
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|

Number of patients treated in a year

: ‘) é i 24 patients in a year {2 patients per month)
| ez i !E!

0 100
Number of hospitals

2011

Fig. 1. The annual number of patients treated with brachytherapy
per hospital in hospitals where more than 1 year had passed since
brachytherapy was first made available, in 2005, 2008, and 2011.

implant brachytherapy was permitted in Japan, only a limited
number of institutions started the treatment, in part because
of the very low price fixed by the Japanese health insurance
system.””> However, after a higher pnce for brachytherapy was
approved by the Japanese health insurance system in April
2006, many institutes started providing the treatment, as shown
in Figures 1 and 2. In particular, the number of hospitals with
a low volume of patients increased.

Oncological procedures may have better outcomes if per-
formed by high-volume providers. Killeen er al.® revealed
that high-volume providers have significantly better outcomes
for complex cancer surgery, in particular for pancreatectomy,
esphagectomy, gastrectomy and rectal resection. In Japan,
influences of hospital procedure volume on cancer survival
have been under intense investigation using The Osaka
Cancer Registry’s data.®'? As for localized prostate cancer,
Jeldres et al.'" examined the effect of annual and cumulative
provider volume on the rate of use of secondary therapies
using a cohort of 3907 patients treated with definitive exter-
nal-beam radiation therapy. They demonstrated lower rates of
secondary therapy for providers with an annual provider
volume >10 cases and for those with a cumulative provider
volume >200 cases. Taussky er al'® showed that seed
migration in prostate brachlytherapy depended on experience

40 a 2008 and technique. Chen et al.'™ concluded that patients treated

- 2005 with  brachytherapy by higher-volume physicians were at

lower risk for recurrence and prostate cancer death. Interest-

@ 30 & 2006 ingly, they showed that there was no significant association

£ B 2007 between hospital volume and recurrence, prostate cancer death

.

2 = 2008 or all deaths.

= 20 # 2009 Japanese urologists and radiation oncologists have made a

g # 2010 great effort to maintain the safety and quality of permanent

8 % 2011 implant brachytherapy for prostate cancer. JASTRO, JUA, and

£ the Japan Radiological Society (JRS) have published guide-

2 10 lines for brachytherapy (in Japanese).l @19 These guidelines

require physicians involved in this treatment to attend an edu-

cation course held by JRIA. The guidelines also strongly rec-

° ommend that each institution administering this treatment

£12 12--24 2448 48-96 >96 should have a urologist certified by the JUA and a radiation

Number of patients treated in a year oncologist certlﬁed by JASTRO and/or JRS in full-time

employment.”” In addition, training workshops have been held

Fig. 2. Distribution of the annual number of patients treated with  4¢ regular intervals to maintain or improve the technical level

brachytherapy per hospital from 2004 to 2011.

strict Japanese laws on radiation safety.® However, after long
discussions between members of the Japanese Society for
Therapeutic Radiology and Oncology (JASTRO), the Japanese
Urological Association (JUA), the Ministry of Health, Labor,
and Welfare, and the Ministry of Education and Science, per-
manent implant brachytherapy for prostate cancer using I-125
seeds was approved in July 2003.®’ Even after permanent

of permanent implant brachytherapy for prostate cancer. It is
not still clear whether the provider volume is associated with
outcomes following brachytherapy for prostate cancer in
Japan.

The diffusion of a new medical technique depends upon
many factors including consumer demand and health insurance
and payment systems."” In Japan, although health care is under
the management of an obligatory i msurance system, it is within
the framework of a capitalist economy."'> Given this situation,
a new “Basic Plan to Promote Cancer Control Programs” was

doi: 10.1111/cas.12168
© 2013 Japanese Cancer Association
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approved in 2012. In addition to the further promotion of
radiation therapy and the training of doctors/staff members
specializing in this area, the plan recommends the centraliza-
tion of high-precision radiation therapy including intensity-
modulated radiation therapy (IMRT) in each medical region.
There are several new options for patients with clinically
localized prostate cancer including robotic surgery, brachyther-
apy, and IMRT. The majority of the published papers have
shown similar treatment results in large-scale institutions.
However, after the diffusion of a new medical technique,
evaluation of the quality remains an important issue. There-
fore, a nationwide multi-institutional cohort survey for prostate
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Because of difficulties with stabilization, breathing motion and dosimetry, stereotactic body
radiotherapy for lung cancer has only been practiced for the past 15 years. However, a large
amount of case data has rapidly been accumulated in recent years. Stereotactic body radio-
therapy for Stage | non-small-cell lung cancer has been actively investigated in inoperable
patients since around 1995, and a number of clinical trials have been undertaken. Early
studies from 2001 presented a 3-year local control rate of 94% and a 3-year overall survival
rate of 66% for patients receiving 50—60 Gy in 10 fractions. Another study in 2005, using
48 Gy in four fractions, presented a 3-year local control rate of 98% and 3-year overall sur-
vival rates of 83% for Stage |A patients and 72% for Stage IB patients. A multi-institutional
study showed favorable local control and survival rates in a group receiving a biologically ef-
fective dose of 100 Gy. A dose-escalation study in the USA suggested a maximum tolerated
dose of 60 Gy in three fractions. A Phase li clinical trial (RTOG0236) followed, with a reported
3-year local control rate of 98% and a 3-year overall survival rate of 56% for patients who
received 60 Gy in three fractions. A Japanese Phase Il clinical trial (JCOGO0403) investigated
a dose of 48 Gy in four fractions among 165 Stage |A patients, showing a 3-year survival rate
of 76% and a 3-year locally progression-free survival rate of 69% for the operable group.
An overview of past clinical trials in stereotactic body radiotherapy for Stage | non-small-cell
lung cancer and current issues is presented and discussed.

Key words: stereotactic radiotherapy — non-small-cell lung cancer — Stage I — clinical study — review

INTRODUCTION

Lung cancer is one of the most prevalent cancers in the
world and is the leading cause of cancer deaths in Japan for
both men and women. In recent years, detection rates for
early-stage lung cancer have improved as computed tomog-

radiotherapy (SBRT) for Stage I non-small-cell lung cancer
(NSCLC) and current issues.

DEFINITION AND HISTORY OF SBRT

raphy (CT) examination has become more common. At
present, the standard treatment for early-stage lung cancer is
surgery. However, as the rapidly aging population increases
the number of medically inoperable cases, the efficacy and
safety of stereotactic radiotherapy, a less invasive treatment,
have attained critical importance. This paper presents an
overview of past clinical trials in stereotactic body

The use of stereotactic radiotherapy to treat extracranial
tumors began with 40 years of using stereotactic radiosur-
gery with a gamma knife on cranial tumors. If stereotactic
radiotherapy can be substituted for surgical resection of a
solitary brain metastasis (1), then logically a similarly sized
primary lesion could also be efficiently controlled using the
same method. SBRT allows for the application of large

@© The Author 2013. Published by Oxford University Press. All rights reserved.
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doses of radiation to the tumor with minimal exposure of
surrounding organs. Rapid advances in the capabilities of
radiotherapy equipment during the 1990s enabled three-
dimensional irradiation. Stereotactic irradiation methods
were gradually trialed for lung cancer from around 1995,
with increases in stability and precision, and the develop-
ment of related technologies such as image-guided naviga-
tion. Blomgren et al. (2) first reported how to perform
stereotactic radiotherapy on body tumors. Uematsu et al.
began clinical trials of stereotactic radiotherapy on body
tumors in Japan with the development of a combined CT
and linear accelerator unit (3) in 1996. Shirato et al. devel-
oped a method for tracing a fiducial marker placed near a
tumor, installing a device that allowed real-time observation
during irradiation in the irradiation room, and applied this
method to SBRT (4). As a result of developments like these,
SBRT is now showing promise as a radical treatment modal-
ity, mainly for lung cancers. Numerous clinical trials are cur-
rently underway. SBRT is being applied not only to lung
cancers, but also to diverse other body tumors, including the
liver, pancreatic, prostate and metastatic cancers, as well as
to spinal arteriovenous malformations. Radiotherapy has re-
cently achieved higher levels of accuracy in covering
tumors, thanks to advances in respiratory motion manage-
ment (5) and various image-guidance techniques (6). The
cyberknife, originally designed for use on cranial lesions, is
now good enough to also be applied to cervical and body
lesions (7).

In 2004, Japanese health insurance policies began to cover
SBRT using linear accelerators. Since then, the number of
patients receiving SBRT has increased substantially. The
specified treatment cost was 630000 yen (~8000 USD),
which covered medical services for the entire process, start-
ing from treatment planning. The four conditions the radio-
therapy must fulfill are as follows: (1) stability and
reproducibility of the focal position of irradiation within
5 mm between treatment planning and actual treatment; (2)
measures for preventing respiratory motion error (additional-
ly approved for coverage by Japanese health insurance from
2012 in Japan); (3) dose concentration on the tumor by
‘multi-directional, three-dimensional convergence of multiple
beams and (4) short treatment period (generally <2 weeks)
with a single high-dose treatment (generally >5 Gy). For
lung cancer, coverage by the Japanese health insurance
system is applied for: primary lung cancer with no metastatic
lesions and diameter <5 cm; and up to three masses of
metastatic lung cancer each <5 cm in diameter, with no
other foci. According to a national survey conducted by
Nagata et al., SBRT was being performed at 53 institutions
in Japan as of 2005. Overall, 2104 patients had received
treatment for lung cancer using stereotactic radiotherapy (in-
cluding for primary lung cancer in 1111 patients, metastatic
lung cancer in 702 patients and unknown histology in 291
patients) (8).

PHASE I (DOSE ESCALATION) STUDY

No rigorous Phase I clinical trial to identify the maximum
tolerated dose of SBRT for lung cancer has been conducted
in Japan. The results of retrospective study, discussed below,
have suggested sufficient local control with biologically ef-
fective dose (BED) >100 Gy (9). The prescribed dose for
clinical trials or medical practice was established with this
trial in Japan. The most frequent SBRT dose fractionation
for Stage I NSCLC in the previous survey by Nagata et al.
was 12 Gy, administered four times (8).

However, in the USA, the maximum tolerated dose was
set at 20 Gy, administered three times, based on a dose es-
calation study that started from 8 Gy, administered three
times (10,11). The dose-limiting toxicities reported at the
time included dermatitis, pericarditis, pneumonitis and bron-
chial necrosis. Some reports have described decreased local
control using the Japanese standard SBRT dose for larger
lesions (12,13), and a dose escalation study (JCOG0702) is
being conducted in Japan for T2NOMO NSCLC.

RETROSPECTIVE STUDY FOR MEDICALLY
INOPERABLE PATIENTS

Needless to say, the standard treatment for Stage I NSCLC
is surgery. SBRT was used only for inoperable patients in
early phase. Table 1 shows the results of retrospective
studies of SBRT for mostly inoperable patients (12,14—17).
These studies showed variations in irradiation techniques and
prescribed doses, but the results suggested that local control
exceeded 90% when treatment doses were sufficient.
However, the survival time was not long enough, as dis-
cussed below, and insufficient information was obtained
regarding local control rates in the long-term follow-up.
Survival rates appeared highly variable and were generally
inferior to surgical outcomes. This may be partly attributable
to a high number of deaths due to other causes, because
of the poor health condition of inoperable elderly patients.

RETROSPECTIVE STUDY FOR OPERABLE
PATIENTS

A certain proportion of patients are operable but choose to
undergo SBRT. One retrospective study extracted operable
cases from accumulated multi-institutional data in Japan
(13,18). Doses achieving BED > 100 Gy showed more favor-
able local control and survival rates than doses <100 Gy.
The 87 operable cases in the group with BED >100 Gy
(median age, 74 years) displayed 5-year locally progression-
free and 5-year overall survival rates of 90% and 74% for
Stage IA and 89% and 58% for Stage IB, respectively, at a
median follow-up duration of 58 months. Other illnesses
were a major cause of death. Grade 3 toxicity or above was
found in only 2% of patients, but the true level of toxicity
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Table 1. Results of retrospective studies of stereotactic body radiotherapy for mainly inoperable patients with T1-3NOMO non-small-cell lung cancer

Median
Pt. Age min—max follow-up
Author no (median) Dose Gy/fraction (fx)  (months)

Local
control

Overall survival

rate Toxicity

Uematsu (14) 50 5486 (71) 50—60 Gy/5—10 fx 36
Wulf (15) 20 5882 (68) 26-37.5 Gy/1-3 fx 11
Onishi (16) 35 65-92 (71) 60 Gy/10 fx 13
Onimaru (12) 28 5285 (76) 48 Gy/4 fx 27
Takeda (17) 63 56-91 (78) 50 Gy/5 fx 31

94%
92%
88%
64%

Rib fracture: 2%

No complications > RTOG grade 2
NCI-CTC (V2) grade 3 penumonia: 9%
NCI-CTC (V3.0) grade 3 pneumonia: 4%

66% (at 3 year)
32% (at 2 year)
64% (at 2 year)

[A 82% IB 32%
(at 3 year)

IA 90% [B 63%
(at 3 year)

95% NCI-CTC (V3.0) grade 3 pneumonia: 3%

might not have been sufficiently evaluated due to the retro-
spective nature of the study.

PHASE II CLINICAL STUDY FOR MEDICALLY
INOPERABLE PATIENTS

Many Phase II clinical trials for medically inoperable
regular patients were conducted one after the other based on
favorable local control results in early retrospective studies,
as shown in Table 1. Table 2 shows the major results of
various Phase II trials (19—25). Prescribed doses differ
between Japan and the West, but variations in survival rates
and local control rates were generally the same as those from
retrospective research. A multi-institutional clinical trial
undertaken in the USA (Radiation Therapy Oncology Group
(RTOG)-0236) found a local control rate of 98%, a 3-year
survival rate of 56% and grade 3 or 4 toxicity in 16.3% (24).
Some studies showed a higher proportion of grade 3 toxicity
and above than the retrospective research. This may be due
to regular follow-ups with no missing values in prospective
research. In particular, a study of SBRT with 60—66 Gy in
three fractions for subjects including patients with centrally
located lung tumors near the trachea or lobar bronchus found
that 14 of 70 cases (20%) experienced toxicity of grade 3 or
above, 6 cases showed grade 5 toxicity (pneumonia, 4 cases;
pericarditis, 1 case; hemoptysis, 1 case) and 4 of these 6
cases had centrally located cancers (20). Accordingly, a dose
escalation study has been conducted with the prescribed
dose for centrally located lung cancer starting from 7.5 Gy
administered eight times (JROSG10—1) in Japan and 10 Gy
administered five times (RT0G0813) in the USA.

PHASE 11 STUDY FOR MEDICALLY
OPERABLE PATIENTS

In 2004, a Japanese Radiation Treatment Group (representa-
tive: Masahiro Hiraoka) was first created in the Japan
Clinical Oncology Group (JCOG) and a Phase II clinical
trial of SBRT was initiated for NSCLC in clinical Stage TA
(JCOGO0403). All cases were pathologically confirmed, and
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two groups were registered, comprising patients with medially
operable and inoperable tumors for standard surgery. The
medically operable group reached the target number of regis-
trations early and Nagata et al. presented preliminary results
after a 3-year follow-up in 2010 at the annual meetings of
the American Society for Therapeutic Radiology and
Oncology (26) and the Japan Lung Cancer Society. This was
the first Phase II clinical trial in the world for a medically
operable case group. In JCOGO0403, 48 Gy administered in
four fractions was prescribed for the isocenter. Sixty-five
patients were included between July 2004 and January 2007.
The mean age of participants was 79 years (range, 50—91
years), with 45 men and 20 women. The mean tumor diam-
eter was 21 mm (range, 10—30 mm), and histological exam-
ination revealed 40 adenocarcinomas, 21 squamous cell
carcinomas and 4 others, with performance status (PS) 0 in
43, PS 1 in 20 and PS 2 in 2. The median observation period
was 45 months, the 3-year overall survival rate was 76% and
the 3-year locally progression-free rate was 69%.
Treatment-related toxicities of grade 3 and above included
one case of chest pain, two cases of dyspnea, one case of
hypoxia and two cases of radiation pneumonitis. No cases of
toxicity of grade 4 or above were identified.

PHASE III RANDOMIZED STUDY COMPARING
SBRT WITH SURGERY

Two randomized multi-institutional studies comparing SBRT
with surgery on operable patients preceded the announce-
ment of JCOGO0403. One was a randomized study comparing
CyberKnife treatment to surgical resection for Stage I
NSCLC (STARS) based in MD Anderson Cancer Center in
the United States (27), while the other was a randomized
Phase III trial, Radiosurgery or Surgery for operable
Early-stage (Stage IA) non-small-cell Lung cancer (ROSEL)
based in VU University Medical Center in Netherlands (28).
These experimental studies did not have sufficient rationales
affirming the randomization process between surgery and
SBRT and the registration of patients has encountered
difficulties.
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New dose-calculation programs more accurately predict
the doses to which normal tissues are exposed, thereby over-
coming the limitations of older software that over- or under-
estimated dose distributions in inhomogeneous tissues such
as the lungs by more than 10% (29). Accurate dose estima-
tion using these new algorithms will allow for better correl-
ation of dose with toxicity, allowing higher doses to be
delivered more safely (30).

Since 2003, four-dimensional (4D) CT scanners have
become commercially available, and are increasingly re-
placing conventional CT for treatment simulation. The use
of 4DCT allows organ motions to be observed and quantified
(31). When 4DCT information is combined with daily
patient position verification, safety margins around tumors
can be significantly reduced, thereby decreasing target
volumes. In addition, 4DCT allows for the evaluation of
strategies such as respiration-gated radiation therapy to min-
imize target volumes in individual patients (32). When
tumors show significant movement, enlargement of the plan-
ning target volume (PTV) can be circumvented by limiting
treatment to only specific phases of respiration (33) or track-
ing the beam to the moving tumor (34).

Current approaches to image-guided radiation therapy aim
to monitor patient and tumor positions during the course of
treatment, an approach that is mandatory when using very
small safety margins. Many commercial imaging systems are
available for installation in treatment rooms, and are used to
verify patient positioning using kilovoltage or megavoltage
imaging devices, cameras, external markers or laser tracking
systems. Tumor positions can be verified using kilovoltage
or megavoltage imaging devices integrated into linear accel-
erator. The combined use of optimal pretreatment imaging
with 4DCT-based target delineation, modern planning tech-
niques and the use of linear accelerators equipped with cone-
beam CT scanners allows for smaller safety margins around
the tumor (35). In-room imaging in image-guided radiother-
apy (IGRT) using CT-on rail (36) or cone-beam CT allows
for variations in patient or tumor positions to be identified
on a routine basis, and can identify trends in tumor volume
and shape, increases or decreases in atelectasis, or changes
in patient anatomy due to excessive weight loss.

Although there has been increasing evidence regarding the
efficacy and safety of SBRT for patients with Stage I
NSCLC, recruitment of further cases and sufficient follow-
ups is currently required to create a fair evaluation of
treatment outcomes for SBRT. We also have to pay special
attention to patients with centrally located tumors or pul-
monary fibrosis. SBRT is becoming established as a radical
treatment strategy for medically inoperable Stage I NSCLC.
Investigation of whether SBRT can also provide a surrogate
treatment for surgery in medically operable patients would
therefore be meaningful. It is necessary to both wait for pro-
gress in ongoing clinical trials and to formulate new clinical
trials to more fully elucidate the position of SBRT among
other treatment modalities for Stage I NSCLC. If the
JCOGO0403 study shows long-term, stable, positive outcomes
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Table 4. Unsolved issues of SBRT

Tolerable dose of normal structures

Effect of pulmonary fibrosis on SBRT-induced pneumonitis
Justice of SBRT for histologically unproven lung tumors
Optimal dose fractionation

Adjuvant therapy

Salvage treatment after recurrence

Long-term prognosis (over 10 years)

Comparison with surgery

for the operable group, a study of SBRT versus minimal
surgery may be justified for patients who have some risks on
standard lobectomy, such as due to poor pulmonary condition
or overall physical state (the group for whom minimal surgery
is considered). A major problem with SBRT is that it does not
allow pathological diagnosis of resected subclinical lymph
node metastases to determine the necessity of adjuvant
chemotherapy. If subjects with a low risk of lymph node me-
tastases can be clarified through the results of the trials cur-
rently underway by the lung cancer surgery group in Japan
(JCOG0804/WJOG 4507L: case recruitment complete), then
groups can be offered SBRT without adjuvant chemotherapy.

Furthermore, many issues (Table 4) remain unresolved
and ought to be investigated through long-term follow-up of
past clinical trials and the creation of new clinical trials.

CONCLUSION

Stereotactic radiotherapy administers a concentrated large dose
in 3D, over a short time span, with precise targeting of the
locations of small tumors. This treatment has been used more
widely in recent years on a growing number of cases. Since
1995, SBRT for patients with Stage | NSCLC has mainly seen
clinical use on inoperable patients. In addition, various clinical
trials have been conducted and have found improved local
control and survival rates compared with conventional radi-
ation treatments. SBRT is considered the standard treatment for
medically inoperable patients and is selected as a surrogate
treatment for operable patients who reject surgery. However,
the number of cases and observation periods remain insuffi-
cient and many uncertainties need to be clarified related to the
tolerable dose to at-risk organs and appropriate dose-
fractionation, and several issues related to oncology, such as
adjuvant therapy or surgery, etc. It is hoped that SBRT will be
used in clinics more properly through obtaining new clinical
and long-term follow-up data for Stage I NSCLC.
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