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A randomized Phase |Il study was started in Japan to demonstrate the non-inferiority of
survival of accelerated fractionation radiation therapy (2.4 Gy/fr) with conventional fractionation
radiation therapy (2 Gy/fr) in patients with T1-2NOMO glottic cancer. This study began in
September 2007, and a total of 360 patients will be accrued from 22 institutions within 4 years.
The primary endpoint is 3-year progression-free survival (PFS). The secondary endpoints are
overall survival, local progression-free survival, disease-free survival, survival with preserved
voice function, complete response rate, proportion of treatment completion and adverse events.
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INTRODUCTION

Accelerated fractionation radiation therapy has considerable
benefits in terms of treatment duration and cost compared
with conventional fractionation methods. In addition, some
reports suggest that increased single radiation dose and shor-
tened treatment time may improve local control (1-7).
However, no multi-institutional randomized study has been
conducted to show that accelerated fractionation is equival-
ent to conventional fractionation in terms of efficacy and
safety for early glottic cancer. Various types of fractionation
methods are performed in clinical practice, and according to
the guidelines of the Head and Neck Cancer Disease Site
Group in Canada, an optimal fractionation protocol has not
yet been established (8). We therefore designed a study,
which investigates whether accelerated fractionation radio-
therapy is suitable for T1-2NOMO glottic cancer in terms of
survival, feasibility, voice function and safety.

The Protocol Review Committee of the Japan Clinical
Oncology Group (JCOG) approved the protocol in August
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2007 and the study was activated in September 2007, This
trial was registered at the UMIN Clinical Trials Registry as
UMINO00000819 [http:/www.umin.ac.jp/ctr/index.htm].

PROTOCOL DIGEST OF THE JCOG 0701
Purrose

The aim of this study is to demonstrate the non-inferiority of
the efficacy of accelerated fractionation radiation therapy
(2.4 Gy/fr) with conventional fractionation radiation therapy
(2 Gy/fr) in patients with T1-2NOMO (UICC/TNM, 6th
edition) glottic squamous cell carcinoma.

Stuny SETTING

A multi-institutional randomized Phase 111 study.

REsouRCES

Grants-in-Aid for Cancer Research (17-17, 16-12, 178-5)
from the Ministry of Health, Labour and Welfare of Japan.
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Phase 11l study of accelerated RT for glottic cancer

Exproints

The primary endpoint is the 3-year progression-free survival
(PFS) proportion in all eligible patients. PFS is defined as
days from randomization to first evidence of local pro-
gression, distant metastasis or death from any cause. In
patients alive without events, PFS will be censored at the
last visit. The secondary endpoints are overall survival, local
progression-free survival, disease-free survival, survival with
preserved voice function, complete response rate, proportion
of treatment completion and adverse events.

Overall survival is defined as days from randomization to
death from any cause. Local progression-free survival con-
sists of time free from local disease progression or death
from any cause, while disease-free survival is defined as dur-
ation free of local progression, distant metastasis, secondary
cancer or death from any cause. Survival with preserved
voice function is defined as days from randomization to first
evidence of death from any cause or appearance of voice
changes of Grade 3 or more as diagnosed by the Common
Terminology Criteria for Adverse Events version 3.0
(CTCAE v3.0). The proportion of treatment completion
denotes the percentage of patients whose treatment is com-
pleted within the recommended length of time: 51 days for
T1 and 53 days for T2 in the conventional radiation arm,
and 39 days for T1 and 43 days for T2 in the accelerated
radiation arm.

EviamiLiry CriTeERIA
Incrusion CRITERIA

For inclusion in the study, the patient must fulfill each of the
following criteria: (i) primary tumor site lies within the
vocal cords; (ii) the tumor consists of histologically proven
squamous cell carcinoma; (iii) the extent of the primary
tumor is evaluated as T1 or T2 without impaired cord mobi-
lity; (iv) the tumor is clinically staged as NO/MO; (v) radi-
ation therapy can be completed within the recommended
duration without interruption due to national holidays; (vi)
age between 20 and 80 years; (vii) ECOG performance
status of 0 or 1; (viii) no prior surgery or radiation therapy
of the larynx; (ix) no prior chemotherapy for any malignan-
cies within 5 years; (x) sufficient organ function; (xi) com-
pleted written informed consent.

Excrusion CRITERIA

Patients are excluded if they meet any of the following cri-
teria: (i) active bacterial or fungous infection; (ii) simul-
taneous or metachronous (within 5 years) double cancers;
(iii) women during pregnancy or breast-feeding; (iv) psycho-
sis; (v) treatment with systemic steroids; (vi) history of col-
lagen disease except for rheumatism; (vii) insulin-dependent
or poorly controlled diabetes mellitus; (viii) poorly con-
trolled hypertension; (ix) history of severe heart disease,

heart failure; (x) myocardial infarction or angina pectoris
within the past 6 months,

RANDOMIZATION

After the confirmation of the inclusion and exclusion criteria
by telephone or fax to the JCOG Data Center, the patients
are randomized to either conventional radiation arm or accel-
erated radiation arm, by the minimization method of balan-
cing the arms according to T factor (T1/T2 by UICC/TNM,
6th edition) and institution.

TREATMENT METHOD

In conventional radiation arm, conventional fractionation
radiotherapy with 2 Gy/fr (1 fr/day and 5 fr/week) is per-
formed 33 times for a total dose of 66 Gy in patients with
T1 disease, and 35 times for a total dose of 70 Gy in patients
with T2 disease. Irradiation twice daily is permitted, but the
maximum number of irradiation sessions per week is limited
to five. It is recommended that treatment using the conven-
tional fractionation method is completed within 51 days for
T1 disease and 53 days for T2 disease,

In accelerated radiation arm, accelerated fractionation
radiotherapy with 2.4 Gy (1 fr/day and 5 fr/week) is deliv-
ered 25 times for a total dose of 60 Gy in patients with T1
disease, and 27 times for a total dose of 64.8 Gy in patients
with T2 disease. Twice-daily irradiation is prohibited, as is
irradiation six or more limes per week. Recommended dur-
ation of accelerated fractionation radiotherapy is 39 days for
T1 disease and 43 days for T2 disease.

In both study arms, the gross tumor volume {(GTV) is
defined as the GTV of the primary tumor. The clinical target
volume (CTV) in T1 disease is the entirety of the vocal
cords, while the CTV in T2 disease includes a 1-cm margin
surrounding the tumor in addition to the vocal cords. The
planning target volume (PTV) is defined as the CTV plus a
margin of 0.5-1 cm in the craniocaudal direction and 0.5 cm
in the posterioanterior direction.

FoLtow-up

All enrolled patients are followed-up at least every 6 weeks
for the first 6 months and then every 3 months for a duration
of 3 years. Laryngeal fiberscope and cervical lymph node
exploration by manipulation are carried out at each visit.

STUDY DESIGN AND STATISTICAL METHOD

This trial is designed to demonstrate that accelerated frac-
tionation radiation therapy is not inferior to the conventional
fractionation method in terms of 3-year PFS. If the non-
inferiority of accelerated radiation arm is verified, the accel-
erated fractionation method will be the preferred treatment,
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The planned sample size is 360 patients, with 180 cases  Funding
per arm. We anticipate 3 years of follow-up after 4 years of
accrual, ensuring at least 80% power with one-sided alpha of
5% and a non-inferiority margin of 5% for the primary end-
point. This assumes an expected 3-year PFS of 80% in
patients treated with the conventional fractionation method,
and 83% in those treated with the accelerated fractionation
method.
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The process of radiotherapy (RT) is complex and involves understanding of the principles of
medical physics, radiobiology, radiation safety, dosimetry, radiation treatment planning, simu-
lation and interaction of radiation with other treatment modalities. Each step in the integrated
process of RT needs quality control and quality assurance (QA) to prevent errors and to give
high confidence that patients will receive the prescribed treatment correctly. Recent advances
in RT, including intensity-modulated and image-guided RT, focus on the need for a systematic
RTQA program that balances patient safety and quality with available resources. It is necess-
ary to develop more formal error mitigation and process analysis methods, such as failure
mode and effect analysis, to focus available QA resources optimally on process components.
External audit programs are also effective. The International Atomic Energy Agency has oper-
ated both an on-site and off-site postal dosimetry audit to improve practice and to assure the
dose from RT equipment. Several countries have adopted a similar approach for national
clinical auditing. In addition, clinical trial QA has a significant role in enhancing the quality of
cara. The Advanced Technology Consortium has pioneered the development of an infrastruc-
ture and QA method for advanced technology clinical trials, including credentialing and indi-
vidual case review. These activities have an impact not only on the treatment received by
patients enrolled in clinical trials, but also on the quality of treatment administered to all
patients treated in each institution, and have been adopted globally; by the USA, Europe and
Japan also.

Key words: radiation therapy — quality assurance — radiation dosimetry — clinical audit — clinical
trials

INTRODUCTION

Radiotherapy (RT) is one of the major options in cancer
treatment. As a multimodality treatment combined with
surgery and/or chemotherapy, it plays an important role in
curing cancers. RT is also a very effective treatment option
for palliation and symptom control in advanced or recurrent
cancers. In Japan, only a quarter of patients receive RT
(1,2), but 52% of patients should receive RT at least once

For reprints and all cor : Satoshi Ishil Outreach Radiati
Oncology and Physics, Clinical Trials and Practice Support Division, Center
for Cancer Control and Information Services, National Cancer Center, 5-1-1
Tsukiji, Chuo-ku, Tokyo 104-0045, Japan. E-mail: sishikurf@nce go jp

during their treatment of cancer according to the best avail-
able evidence (3).

The process of RT is complex and involves understanding
of the principles of medical physics, radiobiology, radiation
safety, dosimetry, RT planning, simulation and interaction of
RT with other treatment modalities. The professional team
for RT includes radiation oncologists, medical physicists,
radiation technologists and radiation nurses. These pro-
fessionals work through an integrated process to plan and
deliver RT to cancer patients. The sequential process is
shown in Fig. 1 and each step needs quality control (QC)
and quality assurance (QA) to prevent errors and to give
high confidence that patients will receive the prescribed
treatment correctly (4).

) The Author (2008). Published by Oxford University Press. All rights reserved.
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patients.

The current paradigm of quality management (QM) in RT
focuses on measuring the functional performance of RT
cquipment by measurable parameters with tolerances set at
strict but achievable values. Guidelines for these have been
provided by: the American Association of Physicists in
Medicine (AAPM) in various documents, such as Task
Group (TG) 40, 43, 53, 56, 59, 60 and 64 (5-11); the
American College of Radiology and the American College
of Medical Physics in reports on RTQA; the European
Society for Therapeutic Radiology and Oncology (ESTRO)
in a report on RTQA (12); the International Electrotechnical
Commission publications on functional performance of RT
equipment; and the International Organization for
Standardization (ISO). The Japanese Socicty for Therapeutic
Radiology and Oncology has also published guidelines in
accordance with these for domestic RT institutions. Most of
these reports recommend that every parameter that can be
checked should be checked. This approach does not provide
guidelines for optimally distributing resources for QA and
QM activities to maximize the quality of patient care. This is
a major problem, because almost no facility has the person-
nel to cover everything. The difficulty of this situation
worsens as new advanced technologies, such as intensity-
modulated radiation therapy (IMRT) and image-guided radi-
ation therapy (IGRT) are introduced into the clinic. As new
technologies are introduced, the number and sophistication
of possible activities, tests and measurements required to
maintain quality also increase.

Therefore, there is a keen need to develop a systematic
RTQA program that balances patient safety and quality
with available resources and also prescriptiveness with
flexibility (13).

PROBLEMS WITH CURRENT RTQA
PROGRAMS

The goal of an RTQA program is to deliver the best
and safest RT to each patient to achieve cure or palliation.

The quality of RT has been defined as the totality of features

or characteristics of the RT service that bear on its ability to

satisfy the stated or implied goal of effective patient care.

The integrated nature of QA in RT makes it impossible to

consider QA as limited to simply checking machine output
or calibrating brachytherapy sources. QA activities cover a
very broad range of areas in which the actions of radiation
oncologists, radiation technologists, dosimetrists, accelerator
engineers and medical physicists are important. With the
increasing complexity of the equipment and processes
required to deliver modern RT, the activities required to
maintain and enhance quality are consuming ever more
resources, and we need to re-examine the amount and distri-
bution of resources committed to QA. In particular, we need
to link QA activities to the expected benefit to the patient. In
addition to re-examining current practice, the rapid introduc-
tion of new advanced technologies poses other challenges.
The current process of developing consensus recommen-
dations for prescriptive QA activities remains valid for many
of the devices and software systems used in modern RT;
however, for some technologies, QA guidance is incomplete
or out of date. The formulation of QA guidance lags far
behind the penetration of IMRT and IGRT into the commu-
nity, leaving physicists and radiation oncologists without a
clear strategy to maintain the quality and safety of treatment.
In addition to leaving practitioners and patients at greater
risk of catastrophic delivery errors, data from phantom
testing have suggested that the quality of IMRT delivery has
been much poorer than that expected (14). In such situations,
physicists will be best served by guidance on how to
approach the development of a QM system. Even before the
availability of advanced technologies such as IMRT and
IGRT, it was clear that the treatment preparation and
the delivery equipment had such a wide range of possible
configurations that both commissioning and routine QA
activities could do no more than sample the performance of
the equipment under selected conditions. There is a need to
re-examine objectively those selected conditions and confirm
that they are the most critical for modern RT (15,16).

NEW PARADIGM FOR RTQA

To solve these problems, it is important to evaluate more
formal error mitigation and process analysis methods of
industrial engineering, such as aircraft accident analysis (17),
to focus available QA resources more optimally on process
components that have a significant likelihood of compromis-
ing patient safety or treatment outcomes.

The new possible approach is based on designing a frame-
work for QM activities with the maximal impact being
achieved when resource allocation reflects both the prob-
ability of an event and the severity should it occur; this
requires quantitative knowledge of both probability and
severity, To understand the new approach, new concepts,
failure mode and effect analysis (FMEA) need to be




understood (18,19). This is a systematic method for docu-
menting potential failure modes, determining effects, identi-
fying causes of failures, developing plans, team concurrence
and taking action. For each potential cause of failure, values
are assigned in three categories: O, the probability that a
specific cause will result in a failure mode; S, the severity of
the effects resulting from a specific failure mode should it
go undetected throughout treatment; and D, the probability
that the failure mode resulting from the specific cause will
go undetected. Convention uses numbers between 1 and 10.
The product of these three indices forms the risk probability
number (RPN =0 x § x D). When designing a QM
program based on the RPN values, resources should be allo-
cated to failure modes with higher RPN values. TG 100 of
the AAPM is now working to develop a consistent set of
values for O, § and D, and a consistent set of terminology
for describing the potential causes of failure and potential
effects of failure. TG 100 also suggests that this approach
could be a useful framework for the objective analysis of
myriad emerging technologies, Adoption of a standard
approach to QM would have clear advantages in developing
new recommendations efficiently.

On the other hand, the WHO World Alliance for Patient
Safety has taken an initiative to address high-risk areas in
the RT process of care, complementary to the International
Atomic Energy Agency (IAEA)-developed safety measures
and other previously developed standards, to address
non-equipment, non-system faults associated with RT deliv-
ery. An expert group facilitated by the WHO World Alliance
for Patient Safety is in the process of developing a guide to
identify high-risk practices in RT and to suggest specifically
targeted interventions to improve patient safety. A literature
review showed that, in the last three decades (1976—-2007),
>1700 patients were affected and ~2% of patients were
reported to have died due to radiation overdose toxicity in
middle- and high-income countries in the USA, Latin
America, Europe and Asia. Most incidents (~98%) were
reported to have occurred in the planning stage during the
introduction of new systems and/or equipment. Of all
incidents without any known adverse events to patients, 7%
were related to the planning stage; 39% were related to
information transfer and 19% to the treatment delivery stage.
The remaining 35% of incidents occurred in the categories
of prescription, simulation, patient positioning or in a combi-
nation of multiple stages (personal communication). The
report will be published in the near future and will be useful
to develop process-oriented RTQA programs.

EXTERNAL PEER REVIEW AUDIT

External audit programs for RTQA can serve to improve
patient safety and quality of care. The international basic
safety standards (20) require radiation centers to establish
comprehensive QA programs for medical exposure, includ-
ing external auditing for RT. Both regulatory authorities and

Jpn J Clin Oncol 2008:38(11) 725

professional societies have responded, producing similar end
products. The Council Directive of the European Community
97/43/European Atomic Energy Community strengthened the
need for clinical auditing in Europe. The regulatory authority
of Finland (21,22) is pursuing a program to implement the
European Union directive in all areas of radiation medicine.
Norway's Radiation Protection Authority (23) has reported
that "Clinical audit/review involves mutual learning wherein
colleagues evaluate completed work from the perspective of
good clinical practice. This is essentially different from an
authority's regulatory inspection where practice/activities are
evaluated against laws and regulations.” The ESTRO has
initiated a process to define comprehensive auditing (24). In
all cases, the auditing team is composed of professionals;
physician, medical physicist and radiation technologist. The
1AEA also introduced its QA Team for Radiation Oncology
(QUATRO) (25). The objective of QUATRO auditing is to
review and evaluate the quality of the practice of RT at a
cancer center to define how best to improve the practice.
A guideline document (26) has defined how to conduct the
audit. The IAEA has organized several workshops to train
QUATRO auditors, and 17 missions were completed as of
November 2006 in Europe and Asia. Individual RT centers
received recommendations on quality improvement. In
eastern European countries, most audited centers operate at a
level requiring only minor improvements, except for the
general shortage of well-qualified radiation technologists.
Two centers were identified as operating at an internationally
accepted level (27). Some countries, such as the Czech
Republic (28), have adapted the QUATRO approach for
national clinical auditing. In Asia, existing structural inade-
quacies were addressed.

In addition to an on-site audit, an off-site audit, such as a
postal dosimetry audit program, is necessary to assure the
dose from RT equipment. For more than three decades, the
IAEA has operated a postal thermoluminescent dosimetry
(TLD) dose-auditing program (29) for more than 1600 RT
institutions in 120 countries. A global and steady improve-
ment in the performance of dosimetry audits has been occur-
ring so that ~95% of the participating institutions are within
the 5% acceptance limit for beam calibration. Several
countries have adopted the IAEA’s method to establish their
own national auditing networks (30—32). In Japan, a similar
postal dosimetry audit program using a glass dosimeter was
started on November 2007 (33,34). Further development is
being considered to check not only the reference condition,
1.e. beam calibration, but also non-reference conditions, such
as irregularly shaped and wedged beams.

CLINICAL TRIAL QA

In the USA, RTQA programs have been developed mainly
through clinical trial QA. The Radiological Physics Center
(RPC) has been funded by the National Cancer Institute
(NCI) continually since 1968 to provide quality auditing of
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dosimetry practices at institutions participating in NCI
cooperative clinical trials. The primary responsibility of the
RPC is to assure the NCI and the cooperative clinical trial
groups that all participating institutions have the equipment,
personnel and procedures necessary to administer radiation
doses that are clinically comparable and consistent. The
monitoring tools used include on-site dosimetry reviews;
remote auditing tools, including TLD and anthropomorphic
phantoms; and reviews of both benchmark and actual proto-
col patient treatments. As of 2007, the RPC monitors nearly
1500 RT institutions. Discrepancies detected by the RPC are
investigated to help the institution resolve them. The RPC
overall RTQA program has an impact not only on the treat-
ment received by patients enrolled in clinical trials, but also
on the quality of treatment administered to all patients
treated at the institution.

The NCl-sponsored Advanced Technology QA
Consortium (ATC), which consists of the Image-Guided
Therapy QA Center (ITC), Radiation Therapy Oncology
Group (RTOG), RPC, QA Review Center (QARC) and
Resource Center for Emerging Technologies, has pioneercd
the development of an infrastructure and QA method for
advanced technology clinical trials that requires volumetric
digital data submission of a protocol patient’s treatment plan
and verification data. In particular, the ITC has nearly 15
years' experience in facilitating the QA review for RTOG
advanced technology clinical trials. This QA process
includes: (i) a data integrity review for completeness of
protocol-required clements, the format of data, and possible
data corruption, and recalculation of dose—volume histo-
grams, (ii) a review of compliance with target volume and
organ-at-risk contours by study chairs and (iii) a review of
dose prescription and dose heterogeneity compliance by the
RTOG Headquarters Dosimetry Group.

They also require institutions to obtain credentials before
participating in clinical trials. The concepts pioneered by the
ITC and RTOG include: (i) a facility questionnaire that
documents the institution’s technical capabilities and ident-
ifies the critical treatment team individuals and (i) a series
of tests that are protocol modality-specific, including an elec-
tronic data submission test and a dry-run test, to demonstrate
understanding of the protocol planning and data submission
requirements. New modalities such as IMRT and
Stereotactic Body Radiation Therapy (SBRT) require
additional credential tests. The RPC developed a postal
anthropomorphic phantom (Fig. 2) that contains dosimeters
to test the delivery capabilities of the institutions” IMRT
systems (35) and a localization credential test has been
implemented for SBRT protocols to test the reproducibility
of the patient setup (36). The primary goal of credentials is
to reduce the deviation rate for data submitted to clinical
trials. Cooperative groups have experienced deviation rates
that sometimes amount to as much as 17% of the cases sub-
mitted, according to a study conducted by the RPC (37). An
elevated number of deviations reduce the quality of the
study, and increased rates of major deviations may limit

Figure 2. The Radiological Physics Center postal anthropomorphic
phantom.

accrual to the trial. Credentialing evaluations result in feed-
back to the institution, to explain the results of the procedure
and to give suggestions to improve those results in the
future, Three protocols for which credentialing was required
from all participants had rates of deviation between 0 and
4%, whereas two protocols that had limited credential
requirements had rates of deviation of the order of 7—17%
(37.38).

These activities have also been adopted in Europe and
Japan. As early as in 1982, the European Organization for
Research and Treatment of Cancer RT Group (EORTC)
established RTQA programs. In the course of 25 years, QA
procedures have become a vast and important part of the
activities of the group. The radiation dosimetry QA program
demonstrated the disappearance of large deviations of
photon and electron beam calibrations afier two successive
audits (39). This methodology has now become a standard
procedure in RT routine practice in Europe. In Japan, follow-
ing the results of a phase 11 trial that revealed poor protocol
compliance (40%), the Japan Clinical Oncology Group
(JCOG) started clinical trial RTQA programs in 2002
(40.41). The QA scores of the first trial (JCOG 0202) that
required on-going RTQA have been reported recently and
showed good protocol compliance (42). The JCOG is also
collaborating with the ATC and EORTC to establish a global
standard in advanced technology clinical trial QA. A phase
11 SBRT trial for stage I non-small cell lung cancer (JCOG
0403) is supported by the ATC (43) and individual case
reviews are being performed using a web-based remote
review tool (Fig. 3).

CONCLUSIONS

Recent advances in RT focus on the need for a systematic
RTQA program that balances patient safety and quality with
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Figure 3. Advanced Technology Quality Assurance Consortium remote review tool

available resources, It is necessary to develop more formal
error mitigation and process analysis methods such as FMEA
to focus available QA resources more optimally on process
components (o avoid catastrophic delivery errors. External
audit programs for RTQA are also effective. Both postal
dosimetry audit and clinical trial RTQA, especially for
advanced technologies, in collaboration with global networks,
will serve to enhance patient safety and quality of care.
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Abstract

Radiotherapy is one of the important options in cancer treatment, but is not utilized sufficiently in Japan. In "The Basic
Plans to Promote Anti-Cancer Measures" in Japan introduced in 2007, "promotion of radiotherapy and chemotherapy as well
as training for these professionals” was proposed along with "installation of radiotherapy in all designated cancer centers”
within a target date of less than 5 years.

Currently in Japan, there is an absolute shortage of radiotherapy professionals. Of 340 designated cancer centers that
provide radiotherapy, 144 institutions (42%) have only one full-time radiation oncologist, 112 (33%) have 2 or more, but 84
(25%) have none. This situation is markedly inferior to the guidelines proposed by the International Atomic Energy
Commission (IAEA). Together with education for professionals, it will be necessary to centralize radiotherapy institutions
effectively and to develop a practical support system for relatively small radiotherapy centers in the near future.

In addition, there are disparities in the capability of providing various type of radiotherapy in designated cancer centers.
The availability of stereotactic radiotherapy (SRT) and intensity modulation radiation therapy (IMRT) is not high; SRT, 148
institutions (44%), and IMRT, 44 institutions (13%). With regard to brachytherapy, the availability of prostate seed therapy
is limited to 63 institutions (19%), and a high dose-rate (HDR) Remote After-loading System (RALS) also has a limited
availability. Immediate measures such as maintaining the level of radiotherapy professionals and raising the re-imbursement
for radiotherapy will be necessary to make designated cancer centers capable of providing radiotherapy,

Furthermore, there is a risk of causing a fatal accident if the radiotherapy is performed incorrectly, thus it is essential to
maintain the quality by performing a quality control (QC) and quality assurance (QA) program for the sequential process of
radiotherapy. Currently, it is also nccessary to install advanced technologies such as SRT and IMRT to prepare capable
professionals and develop an adequate QC/QA program. In Japan, nationwide physics QC/QA programs, such as dosimetry
audit, and clinical QC/QA program in treatment planning have recently been initiated.

We expect that various measures will be realized, and clinical introduction of advanced technology for radiotherapy will be
achieved safely and effectively, so that disparity in the availability of radiotherapy will be resolved leading to improved

outcomes in the near future.

Keywords: radiotherapy, healthcare disparities, health resources, quality assurance, professional education
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Abstract

Purpose To clarify the toxicity of palliative radiotherapy
(RT) and its efficacy against bleeding of unresectable
gastric cancer.

Methods  Clinical data of 19 patients received palliative
RT for bleeding from unresectable gastric cancer were
reviewed. The median total dose and dose per fraction were
40 Gy (range 2-50 Gy) and 2.5 Gy (range 1.8-3 Gy).
Results  The treatment success rate was 68.4%. By using a
tumor alpha/beta ratio of 10, biological effective dose of
50 Gyyp or more was significantly correlated with treat-
ment success (P = (.040). The median event-free survival
was 1.5 months after RT and the median overall survival
from starting RT was 3.4 months. Grade 3 nausea and
anorexia were recorded in 1 and 3 patients, respectively.
Conclusion  Palliative RT was effective for hemostasis in
patients with gastric cancer bleeding with minor adverse
events.
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Introduction

Gastric cancer is the fourth most common malignancy and
is the second leading cause of death, accounting for
700,000 confirmed deaths annually with about 930,000
new cases in the world (Kamangar et al. 2006). In Japan,
about 100,000 patients suffer from gastric cancer, and
roughly half of them died in 2002. These patients were
unfortunately not localized at the first diagnosis, Unresec-
table gastric cancer has poor prognosis, with the 5-year
overall survival (OS) rate of 10%. Fluorouracil-based
chemotherapy for patients with unresectable gastric cancer
has shown some benefits in improving survival compared
with the best supportive care (Glimelius et al. 1994; Murad
et al. 1993; Pyrhéinen et al. 1995), However, no interna-
tional standard regimens have been established to date
{Ohtsu et al. 2006).

Gastric cancer induces various local symptoms such
as bleeding, obstruction, anorexia and pain. Chronic bleed-
ing from gastric cancer can lead to anemia, anorexia,
dehydration or hypoalbuminemia. Anemia, in particular,
occasionally interrupts the continuity of chemotherapy, and
thus control of bleeding 1s important to improve the quality
of life (Pereira and Phan 2004).

Several modalities can be considered as the treatment of
choice against bleeding from gastric cancer; nevertheless,
which treatment is more effective remains a matter of debate.
For example, palliative gastrectomy may be appropriate only
for well-selected patients with severe hemorrhage refractory
10 conservative treatment. Endoscopic hemostasis achieved
using thermal probes or by epinephrine injection is tem-
porarily effective in limited cases (Savides et al. 1996).
Endoscopic intervention including argon plasma coagula-
tion (APC) has achieved hemostasis in 67% of patients
with gastroduodenal tumor bleeding (Loftus et al. 1994).
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However, APC sometimes causes severe complications such
as perforation in 5-15% of patients, and recurrence of
bleeding was frequently found (Loftus et al. 1994). Some
investigators have applied gastrointestinal arterial emboli-
zation to stop bleeding from gastric cancer, and they have
proven its safety and efficacy in limited cases (Encarnacion
et al. 1992; Srivastava et al. 2000).

Radiation therapy (RT) has been shown to palliate
bleeding from every type of malignant tumors, such as
cervical, lung and bladder cancers (Ferris et al. 2001;
Onsrud et al. 2001; Hoskin 1998). Recently, two retro-
spective analyses have been reported regarding the benefit
of palliative RT for symptomatic advanced gastric cancer
(Kim et al. 2007; Tey et al. 2007). In these reports, palli-
ative RT successfully controlled tumor bleeding in 53-70%
of patients without causing severe toxicity. As a clinical
practice, we have applied RT for the palliation of bleeding
from gastric cancer at our institution. We report here the
results of our retrospective analysis of palliative RT for
patients with bleeding from gastric cancer, particularly
focusing on the dose~fractionation relationship and treat-
ment outcome.

Methods

We retrospectively reviewed the clinical data from the
database of our institution of patients with advanced gastric
cancer receiving palliative RT between January 1994 and
October 2007, Of these patients, those who received RT for
a primary lesion for the purpose of palliating tumor
bleeding were identified. This study was performed in
accordance with Declaration of Helsinki in 1964.

The following clinical characteristics of the patients
were reviewed: age, Eastern Cooperative Oncology Group
performance status (PS), endoscopic findings, primary site,
tumor histology, oral intake status, serum hemoglobin (Hb)
level, chemotherapy regimens, dose fractionation of RT,
adverse events and treatment outcome. The amount of
transfused red blood cells (RBCs) within 1 month before
RT was also recorded. Successful treatment was defined as
a patient being alive with no need for blood transfusion
after more than 1 month following RT. Even if endoscopy
proved bleeding improvement, patients who did not meet
the successful treatment criterion were considered as
treatment failure.

All patients included in this study received external
beam RT. They were treated with 6-25 MV X-ray beams
from a linear accelerator or microtron. All patients were
conformally treated based on CT planning. The typical
irradiation technique applied was opposed anterior—
posterior two fields. Oblique opposed two fields were
sometimes used to avoid irradiation of the right kidney or

@ Springer

spinal cord. The biological effective dose (BED) was cal-
culated using a tumor alpha/beta ratio of 10 using the
linear-quadratic formalism. Adverse events were retrospec-
tively recorded according to the Common Terminology
Criteria for Adverse Events version 3.0.

We defined event-free survival (EFS) as the interval from
the last day of RT to the first day of an event including blood
transfusion or any cause of death. OS was defined as the
interval from the first day of RT to the day of death. Sur-
vival curve was estimated by the Kaplan-Meier method
(Kaplan and Meier 1958). Univariate analysis was per-
formed using the Fisher's exact test to determine the factors
correlating with treatment success. Statistical analysis was
performed using StatView version 5.0 (SAS Inc., USA).

Results
Patients’ characteristics
Nineteen patients with advanced gastric cancer receiving

RT for the palliation of bleeding from primary gastric
cancer (n = 18) or with postoperative local recurrence

Table 1 Patients' characteristics at the time of starting radiation

n=19 Number
Male/female 13/6
Median age (range) 61 (33-78)
Performance status

1 5

2 10

3 3

4 |
Histopathology

Adenocarcinoma 18

Interstitial 1

Diffuse 6

Unknown 1

Squamous cell carcinoma 1
Location

Upper 7

Middle 5

Lower 6

Stamp I
Macroscopic type classification

Typel z

Type2 4

Typeld 11

Typed -
Median quantity of transfusion one month prior to 2,400 (0-

radiation (range) (ml) 4,600)
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(n = 1) were identified. The median age of the patients was
61 years (range 33-71) and the median PS was 2 (range 1-
4). Table | shows the characteristics of the patients. All
patients were classified as stage IV at the time of RT and
ineligible for surgery because of tumor invasion to other
organs. To confirm the bleeding site, all patients underwent
endoscopy before RT.

Radiotherapy and patient condition

The dose fractionation of RT, prior chemotherapy, previ-
ous blood transfusion and treatment outcomes are shown in
Table 2, All but one patient received blood transfusion to
improve serum Hb level within 1 month prior to RT. The
lowest serum Hb level before RT ranged from 3.5 1o 8.4 g/
dl (median 5.4 g/dl; Table 2). RBCs corresponding to a
median of 1,700 ml of total blood (range 700-4,600 ml)
were transfused prior to RT.

The prescribed dose—fractionation regimen ranged from
20 Gy in 10 fractions to 50 Gy in 25 fractions. The median
BED was 50 Gyp, which corresponds to a dose of 40 Gy
in 16 fractions. Thirteen of 19 (68%) patients completed
the total prescribed dose. Three discontinued the prescribed
irradiation course because they were clinically judged as
treatment success, while another three did not complete the
planned irradiation course because of deterioration of
general condition.

Treatment outcomes

Treatment success was observed in 13 of 19 patients
(68%). The typical endoscopic findings of patients suc-
cessfully treated are shown in Fig. 1. Complete hemostasis
was confirmed in six of seven patients who underwent
endoscopy after RT. The median BED was 50 Gy;,. Of
those who completed the total prescribed dose, successful
hemostasis was observed in 11 (92%) of 12 patients. In
contrast, of those who were unable to complete the planned
irradiation course, successful hemostasis was seen in only
two of seven (29%) patients. Treatment success group
received significantly higher dose than failure group
(median total dose 40 Gy vs, 19 Gy, P = 0.026; Fig. 2).
The causes of treatment failure (n = 6) were deterioration
of general condition (n = 2), poor treatment effect (n = 2)
and re-bleeding (n = 2). A BED of 50 Gy, or more was
significantly correlated with treatment success compared
with a BED of <50 Gy, (P = 0.040). Other factors con-
sidered to affect treatment success such as good PS (1 or 2)
and Hb level before RT were not correlated with outcome
(P = 0.26 and P > 0.99, respectively).

After completion of RT, two of three patients without
prior chemotherapy could switch to chemotherapy, whereas
seven of ten patients with one previous chemotherapy

@ Springer

Fig. 1 Typical endoscopic findings. a Hemorrhagic gastric cancer of
stomach body before radiation therapy. b Compleie hemostasis
following radiation therapy (40 Gy) of the same site

Gyl -
5000 X
4000 - b
3000
%
2000 x x
X
1000
x
0 X
Failed (N=6) Succeeded (N=13)

Fig. 2 Dose—effect relationship

regimen could shift to second-line chemotherapy. Only one
of six patients with two prior chemotherapy regimens could
continue chemotherapy. Of eight patients in whom oral
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