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Abstract

Background To assess radiotherapy protocol compliance
in a multi-institutional phase II study of concurrent che-
moradiotherapy for patients with locally advanced cancer
of the uterine cervix (JGOG1066).

Methods For study protocol development, various radio-
therapy parameters were examined and consensus was
reached by Japanese radiation oncologists with cervical
cancer treatment expertise. Quality assurance (QA) was
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also discussed and included in the protocol. A credentialing
process was used to select institutions for participation in
the study. Individual case reviews referring to 18 QA items
were undertaken for each patient. Radiotherapy data were
submitted to the Japanese Gynecologic Oncology Group
(JGOG) data center and reviewed by the members of the

“radiotherapy committee. The QA evaluation was classed as

per protocol, deviation, and violation.
Results Individual case reviews were performed on 69 of
72 patients entered in the study. In 24 patients (35%), there
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were no deviations for any QA items. There were also no
deviations seen for 5 of the 18 items in 69 patients evaluated.
Deviations of 64 QA items were seen in 45 cases, and vio-
lations were seen in 4 cases (4 items). The most common
deviation concerned appropriate application for the external
beam radiotherapy (EBRT) boost to involved nodes or
parametrium (32 cases). The 4 violations were identified
in the QA items regarding high-dose rate intracavitary
brachytherapy.

Conclusions Radiotherapy protocol compliance was
favorable except for the EBRT boost indications. The
results of this study validate the quality of radiotherapy in
JGOG1066, and indicate that the final analysis will provide
meaningful results.

Keywords Carcinoma of the uterine cervix - Radiation
therapy - Chemoradiotherapy - Intracavitary
brachytherapy - High dose rate

Introduction

Concurrent chemoradiotherapy (CCRT) is a standard
treatment for patients with locoregionally advanced uterine
cervical cancer [1]. However, some Japanese physicians
remain cautious about employing CCRT as a standard
treatment, for 2 reasons. The first concerns the feasibility of
using the standard chemotherapy of weekly 40 mg/m*
cisplatin concurrently with radiotherapy. There have been
several reports that Japanese cervical cancer patients fre-
quently experienced severe toxicities, and investigators
concluded that CCRT using weekly 40 mg/m® cisplatin
may not be feasible for Japanese patients [2, 3]. The second
is that there are limited data on CCRT using high-dose-rate
intracavitary brachytherapy (HDR-ICBT) [4, 5]. In addi-
tion, total radiation doses to the primary tumor seem to be
extremely low compared with doses for definitive radio-
therapy or CCRT in the United States [4-7]. A large
amount of data concerning excellent outcomes and toxicity
have been reported for patients treated with the Japanese
standard schedules, but most of this information was
derived from retrospective analyses, and CCRT data were
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limited [8]. Therefore, the 2007 Japanese treatment
guidelines for uterine cervical cancer recommended a B
grade for CCRT [9]. We undertook a prospective study
(JGOG1066) to evaluate toxicities and outcomes in
patients treated with CCRT using the standard dose/sche-
dule of cisplatin and the standard Japanese radiotherapy
dose schedules for HDR-ICBT.

For scientifically valid CCRT clinical trial results, it is
essential to develop an adequate protocol and assure
compliance with the radiotherapy protocol. In developing
the JGOG1066 protocol, several Japanese radiation
oncology experts on cervical cancer undertook extensive
deliberations on radiotherapy methods. In addition, effec-
tive quality assurance (QA) for radiotherapy was also
discussed. In this paper, we describe the process for QA
and present results of independent case reviews (ICRs)
from the CCRT study.

Patients and methods
Summary of the JGOG1066

The Japanese Gynecologic Oncology Group (JGOG) con-
ducted a phase II trial JGOG1066) to evaluate the feasi-
bility, toxicity and efficacy of CCRT using the standard
global schedule for cisplatin (40 mg/m? weekly, 5 courses)
and standard Japanese dose schedules for HDR-ICBT.
Table 1 summarizes the trial, listing the criteria for patient
eligibility, the endpoints, and treatments.

Protocol development

Radiotherapy parameters were examined and consensus
was reached by Japanese radiation oncologists with
expertise in the treatment of cervical cancer. A nationwide
questionnaire on radiotherapy methods including treatment
schedules, delivery of an external beam radiotherapy
(EBRT) boost to lymph nodes and the parametria, and
bladder/rectum dose calculations (ICRU38) was first dis-
tributed to radiation oncologists. Treatment schedule que-
ries included total and fractional doses of whole-pelvis
EBRT (with/without midline block) and also total and
fractional doses of HDR-ICBT. In developing protocols for
radiotherapy methods, data from the questionnaire and
from previous published reports were extensively dis-
cussed, and a consensus was reached. '
To determine location of point A, a rule was established
based on the topographical relationships between tandem
and ovoid. Basically, a coordinate at the external os (usu-
ally equivalent to the position of the tandem flange) was
selected as the geographic origin of point A. In cases where
the external os was located caudally to the cranial ovoid
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Table 1 Summary of JGOG1066

Eligible patients
1. FIGO stage III/IVA uterine cervical cancer

. ECOG performance status 0-1

. Age 20-70 years

. No para-aortic lymphadenopathy (>10 mm assessed by CT)
. No prior treatment

NN AW N

. Adequate organ (bone marrow, hepatic, renal, heart) functions
8. Written informed consent

Endpoints
Primary: 2-year progression-free survival rate

. Squamous cell carcinoma, adenosquamous cell carcinoma, adenocarcinoma

Secondary: treatment completion rate, toxicity rates (acute and late), complete response rate,
2-year survival rate, 2-year pelvic progression-free rate, 2-year distant metastases-free rate

Planned sample size and accrual duration:
70 within 2 years
Treatment
Concurrent chemoradiotherapy (CCRT)
Chemotherapy
Cisplatin 40 mg/m?, weekly, 5 courses
Radiotherapy

External beam radiotherapy (EBRT) and high-dose-rate intracavitary brachytherapy (HDR-ICBT)

Radiotherapy schedules

WP WP + MB
30 Gy/15¢ 20 Gy/10f
30.6 Gy/17f 19.8 Gy/11f
40 Gy/20f 10 Gy/sf
41.4 Gy/23f 9 Gy/st

HDR-ICBT* BED (WP + HDR-ICBT)®
24 Gylaf 74.5Gy 1o
24 Gy/af 74.4Gy1o
18 Gy/3f 76.8Gy1o
18 Gy/3f 77.8Gy1o

WP whole pelvic radiotherapy, MB midline block, BED biologically effective dose, [ fraction

 Prescribed at point A

surface (i.e. patients with roomy vaginal vaults), a coor-
dinate at the vaginal vault was selected as the origin of the
vertical level with the point A. The concept behind the
latter definition is essentially the same as that of point H
proposed by the American Brachytherapy Society (ABS)
[6]. Four radiotherapy schedules were provided for the
protocol (Table 1), Because these schedules have almost
biologically equivalent doses, the treating radiation
oncologist was allowed to apply one of the schedules at
their discretion. The protocol stated that enlarged pelvic
node(s) (greater than 10 mm in the shortest diameter)
visualized by pretreatment computed tomography (CT)/
magnetic resonance imaging (MRI), and palpable nodular
parametrium(s) fixed to the wall(s) should received an
EBRT boost, with a total dose of 6-10 Gy/3-5 fractions.

To maintain radiotherapy quality, methods for QA were
also examined. A credentialing process for participating
institutions and independent case reviews (ICRs) of all
treated patients were adopted for the QA. A description of
the QA process was included in the protocol.

Credentialing

For institutional participation in this study, credentialing
was required. The participating institutions had to meet the
following 3 criteria:

1. Institution was certified by the Japanese Society for
Therapeutic Radiology and Oncology (JASTRO) with
JASTRO-certified radiation oncologist(s).

2. All HDR-ICBT procedures (i.e., applicator insertions,
calculations, and evaluations) were carried out by
JASTRO-certified radiation oncologist(s) or their
colleagues.

3. Atleast 10 cervical cancer cases per year were treated
by definitive radiotherapy using HDR-ICBT.

Meeting the first requirement indicated that the institu-
tion had a specified accuracy of external beam radiation
dose delivery, since JASTRO-certified institutions must
regularly undertake output measurements and calibrations
of their linear accelerators. The second and third
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requirements aid in ensuring that the HDR-ICBT procedure
is performed with a reliable degree of skill.

Credentialing was undertaken by the JGOG radiother-
apy committee. First, the committee identified JASTRO-
certified institutions from 237 JGOG member institutions.
Next, the committee asked those institutions if they would
like to participate in the study. Institutions responding
“yes” were subsequently requested to submit applications
providing the following information: name of radiation
oncologist(s) performing HDR-ICBT, name of radiologic
technician(s) and physicist(s) responsible for HDR-ICBT,
number of cervical cancer patients treated by definitive
radiotherapy with HDR-ICBT per year, models and man-
ufacturers of the HDR-ICBT machine and planning com-
puter, source strength verification at the time of source
replacement, and verification of source positioning in the
catheter. With this information, the committee arrived at a
consensus on whether or not an institution could participate
in the study.

ICR summary

Participating institutions were requested to submit radio-
therapy data for all treated patients. Table 2 lists the sub-
mitted items. Radiotherapy charts describing daily
treatment records and treatment parameters were submitted
as hard copies. Other graphical data (including simulation,
digitally reconstructed radiography) and figures (including
dose distributions) were submitted in digital formats on
CD-ROMS. The radiotherapy committee performed ICRs
on 18 QA items according to predefined evaluation criteria
(Table 3). The QA assessment was classed as per protocol,
deviation, and violation. QA evaluation criteria for ICRs

Table 2 Data submitted for ICR

External beam radiotherapy

Treatment charts (beam energy, SAD, gantry angle, field size,
MU, plan summary sheets from RTPS, and daily treatment
record)

Simulation films or DRRs

Verification portal films or EPIDs

Isodose distributions (central axis plane)
HDR-ICBT

Treatment charts for all sessions (activity, dwell times, dwell
positions, and point doses)

AP and lateral orthogonal films or images for all sessions
AP and lateral isodose distributions for all sessions

ICR individual case review, SAD source-axis distance, MU monitor
unit, RTPS radiotherapy treatment planning system, DRR digitally
reconstructed radiographs, EPID electronic portal imaging devices,
HDR-ICBT high dose-rate intracavitary brachytherapy, AP
anterioposterior
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were not included in the protocol description, but prepared
separately.

Preliminary evaluations were performed by the study
chair (T.T.). The preliminary evaluations were reviewed
and approved by other JGOG radiotherapy committee
members at the time of the QA meetings. The QA
meetings were held twice (April 24, 2009, and May 7,
2010).

Results

From March 2008 to January 2009, 72 patients from 25
institutions were enrolled. One patient who did not meet
the eligibility requirements and 2 patients who stopped
protocol treatment because of toxicities were excluded,
leaving 69 patients who were considered eligible for the
ICRs. Table 4 summarizes the ICR results. In 24 patients
(35%), there were no deviations of any of the 18 ICR
items. There were also no deviations seen in 5 of the 18
items (i.e., QA-1, -2, -3, -4, -8) in any of the 69 patients
evaluated. Deviations were seen in 45 cases, and viola-
tions were observed in 4 cases. Table 5 lists the number
of cases and number of ICR items assessed with a devi-
ation or violation. Deviations were observed most fre-
quently for QA-7, which evaluated the appropriateness of
delivering an EBRT boost.

Details of QA evaluations

QA-1  EBRT beam energy: No deviations were seen.
Beam energies included the following: 6 MV in 1
patient, 10 MV in 40 patients, 15 MV in 14
patients, 18 MV in 12 patients, and 20 MV in 2
patients.

EBRT method: No deviations were seen. There
were 28 patients treated with anteroposterior—
posteroanterior (AP-PA) ports, and the remaining
41 patients were treated with the four-field box
technique.

Daily EBRT dose fraction: No deviations were
seen. In 40 patients, 1.8 Gy was used, and in 29
patients, 2 Gy was used.

Total EBRT dose of the whole pelvis (WP) with/
without midline block (MB): No deviations from
the protocol description were seen.

MB set-up timing: One patient whose MB was set
at 32 Gy received 24 Gy/4 fractions of HDR-
ICBT; this was judged as a deviation. The
remaining patients were all evaluated as per
protocol. The MB was set at 30 Gy in 11 patients,
30.6 Gy in 33 patients, 40 Gy in 15 patients, and
41.4 Gy in 7 patients. There were 2 patients who

QA-2

QA-3

QA-4

QA-5
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Table 3 Radiotherapy quality assurance items and criteria for ICR

Items Evaluation
Per protocol Deviation Violation
QA-1: EBRT beam energy >6MV <6MYV or cobalt -
QA-2: EBRT methods AP-PA or 4-field box Other methods All ports not delivered
each day
QA-3: EBRT daily fraction dose 1.8 or 2 Gy and 5 fractions/week Other fraction dose and 5 4 fractions/week
(prescribed) fractions/week
QA-4: EBRT total dose (prescribed) <+5% 5-10% >+10%
QA-5: MB set-up timing 1. 30/30.6/40/41.4 Gy 1. 30-41.4 Gy, but not 30/30.6/40/ Before 30 Gy

41.4 Gy

2. after 41.4 Gy without certain
clinical validity

2. after 41.4 Gy with certain
clinical validity
QA-6: EBRT treatment portals ‘WP with proper coverage

WP with improper coverage Extended fields (covering

para-aortic nodes)

QA-7: EBRT boost Performed properly/not Not performed even applicable/ -
applicable performed but improperly
QA-8: EBRT dose homogeneity within 95-107% <95 or >107% -
PTV?
QA-9: Divergence between simulation and <5 mm and no difference in >6 mm or different shape No verification
verification shape
QA-10: Timing of the first HDR-ICBT After 30-41.4 Gy and within After 30-41.4 Gy but over 7 days Before 30 Gy
7 days from MB insertion from MB insertion
QA-11: EBRT and HDR-ICBT on same No - Yes
day
QA-12: HDR-ICBT planning for each Yes - No
fraction
QA-13: HDR-ICBT fraction dose (at point 6 Gy and once a week Other than 6 Gy (<7.5 Gy) or >7.5 Gy
A, prescribed) >twice a week
QA-14: HDR-ICBT total dose (at point A, 18 or 24 Gy Other than 18 or 24 Gy >30 Gy

prescribed)
QA-15: Determination of point A As stated in protocol

QA-16: Dose calculation at OARs (rectum, Yes
bladder; ICRU 38)

QA-17: Total EBRT and HDR-ICBT dose
(prescribed, BED at point A)

QA-18; Overall treatment time

Not as stated in protocol -
No -

As stated in protocol
(74-78 Gyi0)

<8 weeks

Not as stated in protocol but
70-80 Gyio

8-10 weeks

<70 Gy") or >80 Gle

>10 weeks

ICR individual case review, EBRT external beam radiotherapy, AP-PA anteroposterior—posterioanterior, MB midline block, WP whole pelvis,
PTV planning target volume, HDR-ICBT high-dose-rate intracavitary brachytherapy, OAR organ at risk, BED biological effective dose

2 At level of field isocenter

received 50 Gy of whole-pelvis EBRT without  QA-7  EBRT boost: In 32 patients, the EBRT boost was
MB, in whom the treating radiation oncologists not applied appropriately as stated in the protocol.
thought that adequate shrinkage of the primary These were judged as deviations.
tumor had not been achieved for effective ICBT. QA-8  EBRT dose homogeneity within planning target
This situation had been described as “clinically volume (PTV): No deviations were seen.
appropriate” in the protocol, and was judged per QA-9  Geometrical divergence between simulation and
protocol. verification: There were 3 patients from a single
QA-6  EBRT treatment portals: There were 6 patients institution for whom a geometrical divergence
with deviations. These were all from a >5 mm was seen. These were judged as deviations.
single institution, and planning was based on  QA-10 Timing of the first HDR-ICBT. There were 2

patients whose first HDR-ICBT was delayed for
>7 days, which was judged as a deviation. There

clinical target volume (CTV) contouring on CT
images.
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Table 4 Radiotherapy ICR

summary: JGOG1066 Items Evaluation
Per protocol Deviation Violation
QA-1: EBRT beam energy 69 0
QA-2: EBRT method 69 0 0
QA-3: EBRT daily fraction dose (prescribed) 69 0 0
QA-4: EBRT total dose (prescribed) 69 0 0
QA-5: MB set-up timing 68 1 0
QA-6: EBRT treatment portals 63 6 0
QA-7: EBRT boosts 37 32 0
QA-8: EBRT dose homogeneity within PTV 69 0 -
QA-9: Divergence between simulation and verification 66 3 -
QA-10: Timing of the first HDR-ICBT 65 2 2
QA-11: EBRT and HDR-ICBT on same day 68 - 1
QA-12: HDR-ICBT planning for each fraction 68 - 1
QA-13: HDR-ICBT fraction dose (prescribed) 66 3 0
ICR individual case review, QA-14: HDR-ICBT total dose of (prescribed) 65 4 0
EBRT external beam S .
radiotherapy, MB midline block, QA-15: Determination of point A 64 5 -
PTV planning target volume, QA-16: Dose calculation of OARs (ICRU38) 66 3 -
HDR-ICBT high-dose-rate QA-17: Total EBRT and HDR-ICBT dose (prescribed) 67 2 0
intracavitary brachytherapy, QA-18: Overall treatment time ' 66 3 0

OAR organ at risk

QA-11

QA-12

QA-13

QA-14

QA-15

were 2 patients who received their first HDR-
ICBT before 30 Gy of EBRT had been
administered, which was judged as a violation.
Prohibition against same-day delivery of EBRT
and HDR-ICBT: ' There was 1 patient who
received both EBRT and HDR-ICBT on the
same day, which was judged as a violation.
HDR-ICBT planning for each fraction: The
protocol stated that dose calculations should be
performed for every HDR-ICBT session. There
was 1 patient who received her second and third
HDR-ICBT based on planning data from her first
application. This was judged as a violation.
HDR-ICBT fraction dose: There were 2 patients
who received HDR-ICBT with an incorrectly
prescribed point A dose, which was judged as a
deviation. Another patient received HDR-ICBT
using an inappropriate reference point instead of
point A, which was also judged as a deviation.
HDR-ICBT total dose: The 3 patients with QA-
13 deviations and 1 patient who did not receive
the last HDR-ICBT because of acute toxicity
were judged as deviations.

Determination of point A: There were 5 patients
who received HDR-ICBT at an incorrectly
defined point A. These were judged as
deviations. One of those patients also had
deviations for QA-13 and -14. In 4 of these
patients, the external os was selected as the
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Table 5 Numbers of cases and quality assurance items with devia-
tions or violations

Number of deviations

Number of cases®

N A A W= O

24

36 (2)
6 (1)
0
1L
1

0

1

 Parentheses include number of cases also having violations

QA-16

QA-17

QA-18

geometrical origin for point A instead of the
vaginal vault level (which was the correct
definition), although the external os was
located caudally to the cranial ovoid applicator
surface.

Organs at risk (OAR) dose calculation [10]:
Bladder dose calculations were not performed in
3 patients, which were judged as deviations.
Total EBRT and HDR-ICBT dose: Two of 3
patients who had deviations in QA-13 were also
assessed with deviations for this.

Overall treatment time (OTT): There were 3
deviations in OTT. The OTTs of these 3 patients
were 56, 57, and 65 days. The longest OTT was
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caused by a delayed starting time of the EBRT
boost to the parametrium.

Discussion

This study determined that there was favorable radiother-
apy compliance with the JGOG1066 protocol. Based on
our findings, we expect the final results of this study on
long-term outcomes and complications to be scientifically
valid.

A credentialing process was used to select the partici-
pating institutions in this study. Our credentialing consisted
of a review of questionnaires received from institutions and
an assessment of radiotherapy QA, especially with regard
to HDR-ICBT. The credentialing process has been adopted
for some recent clinical trials performed by the Gyneco-
logic Oncology Group (GOG). Lowenstein and colleagues
reported that major protocol deviations were more fre-
quently seen in non-certified institutions than in certified
institutions [11]. We believe that the credentialing process
in this study may be one of the reasons that favorable
protocol compliance was achieved.

Favorable radiotherapy compliance was observed for
EBRT, especially with regard to parameters defined by
numerically prescribed values, such as beam energy and
prescribed dose, which had 100% compliance. Regarding
EBRT port arrangements, deviations were observed in 6
patients. These were all from a single institution and were
based on CTV delineation-based treatment planning. Only
2-dimensional (2D) treatment planning was prescribed in
the protocol. Some clinical study groups have published
consensus guidelines for CTV delineation of the pelvic
node region [12, 13], and the Radiation Therapy Oncology
Group (RTOG) has also released a guideline for primary
cervical cancer tumors [14]. For future clinical trials, it will
be essential to include detailed descriptions of 3-dimen-
sional (3D) treatment planning, including the definition of
CTV contouring. In this study, frequent deviations were
observed for EBRT boosts. Most deviations were omis-
sions at the discretion of the treating physicians, despite
indications for a boost. These physicians might have pri-
oritized their clinical impressions and experiences over the
protocol. We believe that there was a discrepancy between
the protocol and current daily clinical practice. At present,
there is no obvious evidence that an EBRT boost provides
therapeutic value [15]. In ongoing Gynecology Oncology
Group (GOG) and RTOG trials, EBRT boosts have been
optional. Therefore, for trials in the near future, it is rea-
sonable to keep the EBRT boost as an option.

Although protocol compliance was also favorable for
HDR-ICBT administration, 4 violations were seen. Two

were in patients who received their first HDR-ICBT
application before they received 30 Gy of EBRT. Eligible
patients in this study all had extensive cervical disease. It is
thought that locoregionally advanced disease should
receive adequate doses of EBRT before HDR-ICBT .
application, and it is essential to deliver an adequate HDR-
ICBT dose to the entire cervical tumor [16]. There was 1
patient who received EBRT and HDR-ICBT on the same
day, which was judged as a violation. In accordance with
the ABS guidelines [6], concurrent delivery of EBRT and
HDR-ICBT was strictly prohibited in the protocol. In 1
patient, treatment planning for the first HDR-ICBT was
also applied during the subsequent HDR-ICBT sessions.
We believe that these types of violations should be strictly
avoided, because they could cause poor treatment out-
comes and decrease safety [6].

Only 4 deviations were observed for the designation of
point A. We adopted 2 alternative determination methods
for point A from a previous prospective study (JA-
ROG0401/JROSG04-2) [17]. In that study, 10 of 60
patients were assessed with deviations regarding the defi-
nition of point A [17]. We think that compliance with this
definition has improved over the previous study. To further
improve compliance with point A determination, a dummy
run may be effective. This would also be effective for CTV
delineation on EBRT treatment planning. While image-
guided brachytherapy is becoming popular, especially in
the United States [18], point A is still widely used for dose
prescription along with DVH parameters [19]. We think
that our system can provide consistent and clinically
appropriate point A determinations [20].

The theoretical weakness of our present QA process is
lack of physics QA, including an external dosimetry audit
and independent dose calculation of HDR-ICBT. In the
GOG and RTOG studies, an independent HDR-ICBT dose
calculation was performed and revealed some variation of
actual doses compared with prescribed doses [20]. We need
to establish an effective QA system for physics by ensuring
active participation of medical physicists in the CCRT
studies of cervical cancer. Our QA assessments regarding
deviations and violations may be considered subjective.
We classified the cases into 3 QA categories based on
previously decided criteria. Our QA criteria were devel-
oped with reference to those used in other clinical study
groups, such as GOG [11]. Development of standard QA
criteria, including those pertaining to physics which can be
used globally, should be encouraged.

In conclusion, compliance with the radiotherapy proto-
col in JGOG1066 was favorable, except for indications for
the EBRT boost. The results of this compliance study
validate the quality of radiotherapy in JGOG1066 and
indicate that the final analysis will provide meaningful
results.

@_ Springer
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Background: The purpose of this study was to compare the prevalence of treatment tech-
nigues including intensity-modulated radiation therapy and image-guided radiation therapy in
external-beam radiation therapy for prostate cancer in Japan.

Methods: A national survey on the current status of external-beam radiation therapy for pros-
tate cancer was performed in 2010. We sent questionnaires to 139 major radiotherapy facil-
ities in Japan, of which 115 (82.7%) were returned.

Results: Intensity-modulated radiation therapy was conducted at 67 facilities (68.3%), while
image-guided radiation therapy was conducted at 70 facilities (60.9%). Simulations and treat-
ments were performed in the supine position at most facilities. In two-thirds of the facilities, a
filling bladder was requested. Approximately 80% of the facilities inserted a tube or encour-
aged defecation when the rectum was dilated. Some kind of fixation method was used at 102
facilities (88.7%). Magnetic resonance imaging was routinely performed for treatment plan-
ning at 32 facilities (27.8%). The median total dose was 76 Gy with intensity-modulated radi-
ation therapy and 70 Gy with three-dimensional radiation therapy. The doses were prescribed
at the isocenter at the facilities that conducted three-dimensional radiation therapy. In con-
trast, the dose prescription varied at the facilities that conducted intensity-modulated radiation
therapy. Of the 70 facilities that could perform image-guided radiation therapy, 33 (47.1%)
conducted bone matching, 28 (40.0%) conducted prostate matching and 9 (12.9%) used
metal markers. Prostate or metal marker matching tended to produce a smaller margin than
bone matching.

Conclusions: The results of the survey identified current patterns in the treatment planning
and delivery processes of external-beam radiation therapy for prostate cancer in Japan.

Key words: radiation therapy — urologic-radoncol — radiation oncology
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INTRODUCTION

External beam radiation therapy (EBRT) has developed
rapidly in recent years (1,2) and treatment equipment with
which intensity-modulated radiation therapy (IMRT) and/or
image-guided radiation therapy (IGRT) can be conducted are
being introduced into Japan (3). IMRT and IGRT are par-
ticularly useful in EBRT for prostate cancer and are routine-
ly used in the USA (4) and recommended in worldwide
guidelines (5,6).

In Japan, IMRT and IGRT were listed as eligible for in-
surance reimbursement in 2008 and 2010, respectively.
However, the present situation regarding the use of these
techniques in EBRT for prostate cancer remains unclear
(7,8). Therefore, we conducted a survey that would clarify
the operational situation, treatment planning and treatment
processes of IMRT and/or IGRT when used in EBRT for
prostate cancer.

PATIENTS AND METHODS

In February 2010, we sent a questionnaire on EBRT for pros-
tate cancer to 139 major facilities including university hospi-
tals, cancer centers and designated prefectural cancer centers
and hospitals. The questionnaire was also sent to the hospitals
which had treatment machines with IGRT functions, including
Novalis (BrainLAB, Heimstetten, Germany), Tomotherapy
(Accuray Inc., Sunnyvale, USA) and MHI-TM2000
(Mitsubishi Heavy Industries, Ltd., Nagoya, Japan).

The survey was composed of categories regarding treat-
ment planning, dose fractionation and methods of implemen-
tation of EBRT for prostate cancer. If methods differed
according to the type of radiation techniques used such as
three-dimensional radiation therapy (3DCRT) or IMRT, we
required responses regarding the most precise radiation
method presently used. Among the 139 facilities to which
we sent the survey, 115 (82.7%) gave responses, which were
then analyzed. The high response rate allowed an extensive
and representative data analysis.

RESULTS
GENERAL INFORMATION

Figure 1 shows the distribution of the number of patients
with prostate cancer treated with EBRT at facilities in 2009
over the course of 1 year. There were 30 facilities (26.1%) at
which over 50 patients were treated in 1 year. Of the 115
total facilities, 67 (58.3%) conducted IMRT, 70 (60.9%)
conducted IGRT and 58 (50.4%) conducted both.

TREATMENT PLANNING

Figure 2 shows the condition of the bladder at the treatment
planning stage and during the treatment. In approximately
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Figure 1. Total number of patients with prostate cancer treated with
external-beam radiation therapy at facilities in 2009. Because some data
were missing, the total numbers of patients were less than the actual
number.
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Figure 2. Condition of the bladder at the treatment planning stage and
during treatment.

two-thirds of the facilities, a filling bladder was requested.
The time spent pooling urine was 1h at 56 facilities
(48.7%), 1-2 h at 8 facilities (7.0%) and 30 min at 7 facil-
ities (6.1%). Seven facilities (6.1%) also asked patients to
drink water prior to treatment.

Figure 3 shows the condition of the rectum.
Approximately 80% of the facilities inserted a tube or
encouraged defecation when the rectum was dilated.
Laxative medication was used at one-quarter of the facilities.

Simulations and treatments were performed in the supine
position at 105 facilities (91.3%) and the prone position at
10 facilities (8.7%). Figure 4 shows methods of patient fix-
ation. Some kind of fixation method was used at 102 facil-
ities (88.7%). Although various methods were reported, a
vacuum cushion, thermoplastic shell and foot support were
used most frequently.

Magnetic resonance imaging (MRI) was routinely per-
formed for treatment planning at 32 facilities (27.8%). Of
these, 15 facilities (13.0%) performed computed tomography

RN V. S



(CT)-MRI image fusion with treatment planning software.
MRI taken at the time of diagnosis was used as a reference
at 66 facilities (57.4%), while 17 facilities (14.8%) did not
use MRI for treatment planning.

TREATMENT

Radiation therapy was carried out with 2 Gy per fraction at
100 facilities (86.9%), 2.1—3 Gy at 14 facilities (12.2%) and
1.8 Gy at 1 facility (0.9%). Most facilities conducted treat-
ment five times a week. Treatment was conducted three
times a week at five facilities (4.3%) and four times a week
at three facilities (2.6%).

Figure 5 shows the distributions of radiation doses deliv-
ered to the prostate at facilities using a fraction dose of 2 Gy.
The median total dose was 76 Gy with IMRT and 70 Gy with
3DCRT. The doses were prescribed at the isocenter at the fa-
cilities that conducted 3DCRT. In contrast, the dose prescrip-
tion varied greatly at the facilities that conducted IMRT. Of
the 67 facilities that conducted IMRT, D95, which is the
minimum absorbed dose that covers 95% of the planning
target volume (PTV), was used as a dose prescription at 24
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Figure 3. Condition of the rectum at the treatment planning stage and
during treatment. Multiple answers allowed.
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Figure 4. Fixation of the patients at the treatment planning stage and during
treatment. Multiple answers allowed.
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facilities (35.8%). A dose prescription requiring that 95% of
the prescribed isodose line cover 95% of the PTV was used at
4 facilities (6.0%), the mean PTV dose was used at 13 facil-
ities (19.4%) and other methods at 26 facilities (38.8%).

The most popular IGRT methods (54 facilities) involved
2D matching with X-ray fluoroscopy or 3D matching with a
flat-panel cone-beam CT. Eight facilities used CT on rail and
4 facilities used ultrasonic devices. Of the 70 facilities that
could perform IGRT, 33 (47.1%) conducted bone matching,
28 (40.0%) conducted prostate matching and 9 (12.9%) used
metal markers. At the treatment of prostate cancer, 60 facil-
ities (85.7%) always conducted IGRT, while 9 (12.9%) con-
ducted IGRT at regular intervals.

No. of hospitals
30

21

Gy

*mem“‘w‘g L
Prostatefmarker matching

)
No. of hospitals
20

BB sone matching
$U8L prostatermarker matching

6

10

3-4.9 5-79 9 0-31.9. {mm}

Figure 6. Margins from the prostate to planning target volume for patients
with T1—2 tumors treated with IGRT: (a) rectal side and (b) other sides.
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