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A B S T R A C T

Over the last several decades, there have been great advances in radiotherapy with the development of new
technologies and modalities, and radiotherapy trends have changed rapidly. To comprehend the current state of
radiotherapy in Japan, the QA/QC 2016–2017 Committee of the Japan Society of Medical Physics set up an
intensity-modulated radiotherapy/image-guided radiotherapy (IMRT/IGRT) working group and performed a
Web-based survey to show the current status of radiotherapy in Japan. The Web-based questionnaire, developed
using Google Forms, contained 42 items: 7 on stereotactic radiotherapy implementation, 4 on IMRT, 24 on IGRT,
and 7 on respiratory motion management. The survey was conducted from 17 January to 9 March of 2018; in
total, 335 institutions provided data. The results show that volumetric modulated arc therapy was used at a level
comparable to that of static gantry IMRT. For IGRT, machine-integrated computed tomography (CT), including
kilovoltage or megavoltage cone-beam CT and megavoltage CT, was used at many institutions in conjunction
with target-based image registration. For respiratory motion management, breath holding was the most com-
monly used technique. Our hope is that multi-institutional surveys such as this one will be conducted periodi-
cally to elucidate the current status of radiotherapy and emerging developments in this field. If our questionnaire
was distributed worldwide, in the same format, then global trends in radiotherapy could be better understood.

1. Introduction

Over the last few decades, radiotherapy technologies have advanced
greatly. For brain metastases, single-fraction stereotactic radiosurgery
and fractionated stereotactic radiotherapy (SRT) have shown excellent
local control [1]. Stereotactic body radiotherapy (SBRT) treatments for
extracranial tumors, such as those of the lungs, liver, and prostate, have
also demonstrated good clinical outcomes [2,3]. Intensity-modulated
radiotherapy (IMRT) provides the means to deliver a precise radiation
dose, thus minimizing the amount of radiation delivered to the

surrounding healthy tissue; such precision has also enabled dose esca-
lation and hypo-fractionation [4,5]. Volumetric modulated arc therapy
(VMAT) offers a significantly reduced treatment time, with excellent
dose distribution comparable to those of static gantry IMRT [6,7].
Image-guided radiotherapy (IGRT) devices have improved target loca-
lization accuracy, which has resulted in reductions of the target margin
and the dose delivered to healthy tissues [8–10]. Some organs, such as
the lungs, liver, and pancreas, move with respiratory motion, resulting
in the need for additional margins to ensure proper coverage [11,12];
here, the dose delivered to healthy tissues can be reduced by
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respiratory-gating [13], respiratory tracking [14], and breath-holding
[15,16] techniques.

As various technologies and modalities have been developed, trends
in radiotherapy have changed rapidly in Asia [17–19]. To comprehend
the current state of radiotherapy in Japan, the QA/QC 2016–2017
Committee of the Japan Society of Medical Physics set up an IMRT/
IGRT working group and performed a web-based survey to determine
the current status of radiotherapy. Here, we report the results of this
survey.

2. Materials and methods

The web-based questionnaire was developed using Google Forms
(Google LLC, Mountain View, CA, USA). The questionnaire was an-
nounced by e-mail and website postings. Data were collected from the
chief medical physicist or radiotherapy technologist of each partici-
pating institution. The questionnaire contained 42 items: 7 on SRT,
including its availability, techniques, modalities, and the treatment
planning system (TPS) used; 4 on IMRT, including its availability,
techniques, modalities, and the TPS used; 24 on IGRT, including the
modalities and reference structures used for image registration for
various treatment sites; and 7 on respiratory motion management, in-
cluding its implementation, the devices used to collect respiratory sig-
nals, techniques, devices controlling patient respiration, and the lesions
treated. The questions, which take approximately 15min to answer, are
listed in Supplementary Tables 1 and 2. The survey was conducted from
January 17 to March 9, 2018. A unified data set was used in cases
where multiple responses were collected from the same institution. The
collected data were analyzed using a Microsoft Excel spreadsheet (Mi-
crosoft Corp., Redmond, WA, USA) and JMP Pro software (ver. 14.0;
SAS Institute, Cary, NC, USA).

3. Results

In total, 335 institutions provided data for the survey. Table 1
summarizes the implementation status of SRT, IMRT, IGRT, and motion
management, listed by regions of Japan. SRT and IMRT were conducted
at 77% and 66% of the surveyed institutions, respectively. In total, 64%
of the institutions conducted both SRT and IMRT, and 97% of those
using IMRT also conducted SRT. When classifying the institutions into
three categories, those using SRT accounted for 96%, 74% and 71% of
all university, public, and private hospitals, respectively. Institutions
using IMRT included 93%, 59% and 58% of all university, public, and
private hospitals, respectively. IGRT and respiratory motion manage-
ment were used at 91% and 67% of the surveyed institutions, respec-
tively. An especially large number of survey responses were received
from institutions in Kanto, Chubu, and Kansai regions; notably, these
institutions were more likely to conduct IMRT compared with those in
other regions.

Table 2 shows the instruments used for SRT. Linear accelerators
(linacs) equipped with a multileaf collimator (MLC) of 5–10-mm leaf

width were used most widely. For brain SRT, linacs with< 5-mm MLC
width were also employed at many institutions. Stereotactic cones and
external MLC attachments were also applied, indicating that brain SRT
requires more conformal dose distributions. Table 3 shows the techni-
ques used for brain SRT and SBRT. A conformal arc and three-dimen-
sional conformal radiotherapy (3D-CRT) were the most widely used
techniques for brain and extracranial SRT, respectively. VMAT was also
used at 71 and 58 institutions for brain and extracranial SRT, respec-
tively. Table 3 also shows the various IMRT techniques used. In total,
137 institutions used VMAT; this was the most commonly used tech-
nique. Static gantry IMRT, including static MLC (SMLC) and dynamic
MLC (DMLC), was used at 135 institutions, which was nearly the same
number of institutions that used VMAT.

Table 4 shows the IGRT instruments used for SRT for different lesion

Table 1
Number of institutions conducting SRT, IMRT, IGRT, and respiratory management, by region.

Region SRT IMRT IGRT Motion All modalities

Hokkaido 11 (65%) 6 (35%) 14 (82%) 6 (35%) 17 [5%]
Tohoku 22 (71%) 16 (52%) 28 (90%) 21 (68%) 31 [9%]
Kanto 67 (85%) 63 (80%) 75 (95%) 54 (68%) 79 [24%]
Chubu 52 (84%) 43 (69%) 57 (92%) 49 (79%) 62 [19%]
Kinki 50 (74%) 47 (69%) 61 (90%) 44 (65%) 68 [20%]
Chugoku/Shikoku 27 (77%) 20 (57%) 32 (91%) 21 (60%) 35 [10%]
Kyushu/Okinawa 30 (70%) 25 (58%) 39 (91%) 28 (65%) 43 [13%]
Total 259 [77%] 220 [66%] 306 [91%] 223 [67%] 335 [100%]

Values in parentheses and square brackets represent the percentages for each individual region and for all institutions, respectively.
Abbreviations: SRT, stereotactic radiotherapy; IMRT, intensity-modulated radiotherapy; IGRT, image-guided radiotherapy; Motion, respiratory motion management.

Table 2
Instruments used for SRT.

Instrument Brain Extracranial

Linac (MLC leaf width: < 5mm) 64 71
Linac (MLC leaf width: 5–10mm) 72 132
Linac (MLC leaf width: > 10mm) 4 32
Linac with cone 36 0
Linac with MLC attachment 26 0
TomoTherapy 20 11
CyberKnife 19 17
GammaKnife 12 0
Total 253 [2 0 8] 263 [2 4 3]

Values in square brackets are the number of institutions that answered this
question.
Instrument manufacturers: TomoTherapy; Accuray, Inc., Sunnyvale, CA, USA;
CyberKnife; Accuray; GammaKnife; Elekta, Stockholm, Sweden.
Abbreviation: MLC, multi-leaf collimator.
Note: Multiple selection was allowed.

Table 3
Techniques used for brain SRT, SBRT and IMRT.

Techniques Brain SRT SBRT IMRT

Conformal arc 104 29 –
3D-CRT 79 194 –
VMAT 71 58 137
Static IMRT 27 19 135*

TomoTherapy 12 9 27
Other 14 3 17
Total 307 [2 0 7] 312 [2 4 3] 316 [2 1 7]

Values in square brackets are the number of institutions that answered this
question.
Abbreviations: 3D-CRT, three-dimensional conformal radiotherapy; VMAT,
volumetric modulated arc therapy.
*Included 86 dynamic multi-leaf collimator and 49 static multi-leaf collimator
techniques.
Note: Multiple selection was allowed.
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types. For all treatment sites, machine-integrated computed tomo-
graphy (CT), including kilovoltage cone-beam CT (kV-CBCT), mega-
voltage CT (MVCT) and megavoltage cone-beam CT (MV-CBCT), was
the most commonly used technique. Especially for lung and liver SRT,
integrated CT was used at ≥70% of institutions conducting SRT.
Among all 335 institutions, 64% and 73% conducted brain SRT and
lung SBRT, respectively.

Table 5 shows the reference structures used for IGRT. This was re-
levant only to SBRT, as most institutions commonly conduct bone-based
image registration for brain SRT. For lung SRT, 81% of institutions
determined the treatment position based on the target. For liver tumors,
although the target was the most common reference for IGRT, 33% of
institutions used markers, including gold fiducial markers and contrast
agents such as Lipiodol. Many institutions stated that the entire liver
organ was considered for image registration. For prostate cancer, ap-
proximately half of the institutions using SRT conducted target-based
image registration, whereas one quarter used markers and the re-
maining one quarter used bone-based image registration.

Table 6 shows the IGRT devices used for IMRT. For all lesions, in-
tegrated CT was the most commonly used modality. The proportion of
institutions conducting IMRT for brain, head and neck (H&N), prostate,
and pelvic cancer was 53%, 55%, 76%, and 69%, respectively. Table 7
shows the reference structures used for IGRT during IMRT treatment.
For H&N and pelvic regions, more than half of institutions registered
images based on bone structures. For the other lesions, target volume
was the most commonly used image registration reference.

We also conducted a cross-tabulation analysis of IGRT instruments
used in the treatment of each lesion type against the reference structure
used for IGRT. Fig. 1 shows that target-based image registration using
integrated CT was the modality most frequently applied for SRT. The
percentage of institutions using this modality was 69%, 39%, and 56%
for lung, liver, and prostate SRT, respectively. Fig. 2 shows the IMRT
results. For the pelvic region, bone-based registration using 2D imaging
was the most frequently used method (38%). Target-based registration
with integrated CT was the most frequently used modality for H&N
(33%), lung (61%), liver (48%), pancreas (59%) and localized prostate
(56%) IMRT, although bone-based registration was also used for H&N
IMRT with integrated CT (25%) and 2D imaging (29%) modalities.

Table 8 shows the techniques used for respiratory motion manage-
ment during irradiation. Breath holding was the most commonly used
technique, with 1.5-fold as many institutions using this technique
compared to respiratory gating. Abdominal compression was also used
at many institutions.

4. Discussion

In this study, we investigated the current status of radiotherapy in
Japan using a web-based survey. Although many surveys have been
carried out in other countries, our survey was more comprehensive due
to its inclusion of detailed questions regarding advanced radiotherapy
technologies, and the large number of institutions surveyed. The SRT
and IMRT modalities were available at 77% and 66% of the surveyed
institutions, respectively (Table 1). As of July 2017, there were 278
IMRT-certified institutions in Japan, indicating that approximately 79%
of institutions conducting IMRT replied to our questionnaire [20]. Ac-
cording to an October 2017 survey conducted by the Ministry of Health,
Labor and Welfare [21], the number of institutions conducting radio-
therapy in Japan in that year was 846. Thus, we estimate that IMRT is
used by approximately 34% of all institutions in Japan. Although the
number of patients eligible for IMRT will be larger than that of SRT,
more institutions were conducting SRT. Two studies conducted in 2010
reported that IMRT was available in 87.5% of the institutions surveyed
in Canada [22] and 76% of those in the United Kingdom [23]. A survey
in New Zealand reported that IMRT/VMAT and SRT/SBRT were
available in 100% (seven institutions) and 86% (six of seven institu-
tions) of institutions, respectively [24]. Our data show that the number
of institutions conducting IMRT was not uniformly distributed over
Japan; differences by region will have been attributable to insufficient
human resources and linac configurations. In Japan, the level of certi-
fication required to use IMRT is higher than that required for SRT, and
is difficult to attain, especially in non-metropolitan areas. In a Canadian
survey, the most commonly cited barriers to the implementation of
IMRT were recruitment and/or training of skilled personnel [22]. A
survey in Korea conducted in 2018 reported that the availability of
IMRT and SRT was higher in metropolitan areas than in non-me-
tropolitan areas [17]. In this study, most university hospitals conducted
both SRT and IMRT. The ratios of use of these advanced techniques
were similar between public and private hospitals, indicating that re-
gional differences were more correlated with implementation of SRT
and IMRT.

Supplementary Table 3 summarizes the number of institutions that
used a TPS for brain SRT, SBRT, and IMRT [18]. For brain SRT, the
BrainLAB TPS (Brainlab AG, Munich, Germany) typically includes
iPLAN, BrainSCAN, and Elements. For SBRT and IMRT, the Varian
Eclipse TPS (Varian Medical Systems, Palo Alto, CA, USA) was used in
many institutions. As shown in Table 4, VMAT was used with com-
parable frequency to static gantry IMRT. Similarly, a web-based survey
in Germany performed in 2014 showed that the most frequently used
IMRT technology was VMAT (58.4%) [25]. It is reported that moving
targets, such as those associated with lung and liver tumors, show
motion effects according to the interplay of respiratory organ motion
with dynamic beam delivery when IMRT is used [26]. Thus, 3D-CRT
has been the most widely used technique for lung SBRT. Some studies
have reported that the motion effects of VMAT are smaller those of
static gantry IMRT [27–29]. It is expected that over the next several
years, VMAT will be used for SRT by many institutions in which 3D-
CRT was traditionally applied.

Over the course of the last decade, many old treatment instruments
have been replaced by modern machines equipped with CT imaging for
IGRT. Table 1 shows that 91% of the institutions surveyed in this study
used IGRT. Supplementary Table 5 summarizes the IGRT instruments
used. In total, 279 institutions used integrated CT, whereas 286 used
kV-2D and MV-2D imaging. This indicates that most linacs are equipped
with an integrated CT device for IGRT as standard. In our survey, 270

Table 4
IGRT instruments used for SRT.

Instrument Brain Lung Liver Prostate

Integrated CT 100 (47%) 183 (75%) 103 (70%) 29 (56%)
2D imaging 52 (24%) 37 (15%) 28 (19%) 14 (27%)
In-room CT 4 (2%) 12 (5%) 8 (5%) 4 (8%)
ET/CK/RTRT 44 (20%) 6 (2%) 7 (5%) 5 (10%)
Other 3 (1%) 5 (2%) 1 (1%) 0 (0%)
None 12 (6%) 0 (0%) 0 (0%) 0 (0%)
Total 215 [64%] 243 [73%] 147 [44%] 52 [16%]

Values in parentheses and square brackets represent the percentages among
institutions treating a particular site and all institutions, respectively.
Abbreviations: CT, computed tomography; ET, ExacTrac (BrainLAB, Munich,
Germany); CK, CyberKnife (Accuray); RTRT, real-time tumor-tracking radiation
therapy including SyncTraX (Shimadzu Corp., Kyoto, Japan).

Table 5
IGRT reference structures used for SRT.

Reference Lung Liver Prostate

Target 197 (81%) 68 (46%) 27 (52%)
Markers 8 (3%) 48 (33%) 12 (23%)
Bone 36 (15%) 21 (14%) 13 (25%)
Other 2 (1%) 10 (7%) 0 (0%)
Total 243 [73%] 147 [44%] 52 [16%]

Values in parentheses and square brackets represent the percentages among
institutions treating a particular site and all institutions, respectively.

Y. Akino, et al. Physica Medica 64 (2019) 182–187

184



institutions (80.6%) reported using volumetric IGRT devices, including
kV-CBCT, MVCT, MV-CBCT, and in-room CT. In 2009, similar surveys
of physicians in the United States (US) reported that 93.5% used IGRT,
although this decreased to 82.3% when MV portal imaging was ex-
cluded [30]. In another US survey of physicians conducted in 2014,
95% reported using IGRT, with 92% indicating that they had access to
volumetric imaging modalities [31]. In a 2015 Australian survey, all
respondents regularly used IGRT, and 97% of them used kV-CBCT [18].
The current status of radiotherapy in Japan appears similar to that of
the US a decade ago. Several studies have shown that IGRT significantly
decreased rectal and bladder toxicity in prostate radiotherapy
[8,10,32,33]. A phase 3 clinical trial of prostate radiotherapy also
showed that daily IGRT significantly decreased the risks of biochemical
recurrence and rectal toxicity compared with weekly IGRT [9]. Most of
the institutions that we surveyed used CT imaging in combination with
target-based image registrations with the exception of H&N and pelvic
IMRT cases, as shown in Figs. 1 and 2; many institutions used 2D
imaging for these two lesions instead, probably because the positions of
the neck and pelvic lymph node are well correlated with those of bone
structures. However, CT imaging can also be used for H&N, as de-
formations of the spine and shoulder joint often make registration dif-
ficult. In the pelvic region, CT imaging facilitates monitoring of bladder

and rectum filling. The National Comprehensive Cancer Network
(NCCN) guidelines for prostate cancer (ver. 2.2019) suggested that
hypo-fractionated IMRT techniques can be considered as alternatives to
conventionally fractionated regimens when clinically indicated [34].
The guidelines also state that IGRT is essential, with either 3D-CRT or
IMRT, for target margin reduction and treatment accuracy. Although
the availability of IMRT and IGRT techniques did not show a uniform
distribution throughout all regions of Japan, the use of such advanced
technologies is as important with respect to treatment efficacy as the
prescribed dose. There are many technical guidelines for IMRT, SRT,
IGRT and motion management [35–38] that could aid in the im-
plementation of these techniques.

For respiratory motion management, the majority of the institutions
that we surveyed were using the breath-holding technique [39] rather
than respiratory gating. Abches (APEX Medical Inc., Tokyo, Japan) was
the second-most widely used instrument for acquisition of the re-
spiratory-gating signal (Supplementary Table 6), and the most com-
monly used device for controlling patient respiration (Supplementary
Table 7). Recently, new technologies, such as VMAT and flattening
filter-free beams, have achieved treatment success within a short
period. These technologies are better-suited to the breath-holding
technique compared to respiratory-gated irradiation, which requires

Table 6
IGRT instruments used for IMRT.

Instrument Brain H&N Breast Lung Liver Pancreas Prostate Pelvis

Integrated CT 84 (47%) 108 (59%) 23 (58%) 75 (72%) 55 (75%) 51 (72%) 172 (68%) 115 (50%)
2D imaging 48 (27%) 55 (30%) 10 (25%) 18 (17%) 13 (18%) 13 (18%) 56 (22%) 90 (39%)
In-room CT 2 (1%) 2 (1%) 1 (3%) 3 (3%) 2 (3%) 2 (3%) 7 (3%) 5 (2%)
ET/CK/RTRT 41 (23%) 13 (7%) 3 (8%) 5 (5%) 2 (3%) 4 (6%) 15 (6%) 21 (9%)
Other 2 (1%) 4 (2%) 0 (0%) 3 (3%) 1 (1%) 1 (1%) 3 (1%) 1 (0%)
None 0 (0%) 2 (1%) 3 (8%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Total 177 [53%] 184 [55%] 40 [12%] 104 [31%] 73 [22%] 71 [21%] 253 [76%] 232 [69%]

Values in parentheses and square brackets represent the percentages among institutions treating a particular site and all institutions, respectively.
Abbreviations: H&N, head and neck; CT, computed tomography; ET, ExacTrac (BrainLAB); CK, CyberKnife (Accuray); RTRT, real-time tumor-tracking radiation
therapy including SyncTraX (Shimadzu Corp.).

Table 7
IGRT reference structures used for IMRT.

Reference H&N Lung Liver Pancreas Prostate Pelvis

Target 64 (35%) 72 (69%) 41 (56%) 45 (63%) 152 (60%) 51 (22%)
Markers 0 (0%) 1 (1%) 11 (15%) 4 (6%) 30 (12%) 1 (0%)
Bone 118 (64%) 28 (27%) 16 (22%) 21 (30%) 68 (27%) 178 (77%)
Other 2 (1%) 3 (3%) 5 (7%) 1 (1%) 3 (1%) 2 (1%)
Total 184 [55%] 104 [31%] 73 [22%] 71 [21%] 253 [76%] 232 [69%]

Values in parentheses and square brackets represent the percentages among institutions treating a particular site and all institutions, respectively.
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Fig. 1. Cross-tabulation analysis of image-guided radiotherapy (IGRT) devices used for stereotactic radiotherapy against the reference structure for image registration
in IGRT. Abbreviations: CT, computed tomography; ET, ExacTrac (BrainLAB); CK, CyberKnife (Accuray); RTRT, real-time tumor-tracking radiation therapy including
SyncTraX (Shimadzu Corp.).
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longer treatment times [40]. Respiratory motion management has been
used for treating various organs, such as the pancreas, stomach, and
biliary tract, as shown in Supplementary Table 8. With improvements in
dose delivery, target identification, and motion management of the
abovementioned techniques, conformal dose delivery has become pos-
sible. Such advanced technologies have also enabled dose escalations
and hypo-fractionation, although careful attention is required in cases
involving critical organs.

5. Conclusion

This survey showed the current status of radiotherapy in Japan, in
terms of the instruments used for SRT, IMRT, IGRT and motion man-
agement. The VMAT technique is now used with comparable frequency
to static gantry IMRT. Regarding IGRT, machine-integrated CT systems
were used at many institutions, in conjunction with target-based image
registration. The respiratory motion management data indicated that
the breath-holding technique was the most commonly used technique.
To assess the current status of radiotherapy and highlight emerging
developments in the field, additional multi-institutional surveys should
be conducted on a periodic basis. If our questionnaire was distributed
globally, in the same format, then global trends in radiotherapy could

be better understood.
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