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Fig. 6 Examples of the resultant micro guide wires that were superimposed onto a part of the original
fluoroscopic images. The white dots in these images are nodes of the tree structures that re-
sulted from the double-ring tracking. The gray curvaiures are the final identified micro guide wires.

fication of the micro guide wire lead part. Micro guide
wires have a radio-opaque part at the distal end follow-
ing the section of lead wire. The lead wire part is usu-
ally less radio-opaque than the radio-opaque distal part,
but it is a part of the micro guide wire. Our tracking
technique identified the lead part of the guide wire in
those frames; thus the FP values worsened. However,
although it had a mean FP of 5 pixels per frame, that
means that only about 3% of the identified micro guide
wire was wrong, which is not a bad result. An example
of the frames is shown in Fig. 7.

Images of 1,024x1,024 are required for this tech-
nique. The width of the micro guide wire in this sequence
was about 5 pixels. This means that 512x512 images will
show a guide wire width of 2.5 pixels. If thinner guide
wires are represented under lower magnifications, they
can hardly be detected and tracked in 512x512 images.

"Sequential fluorograms of four seconds were used
to evaluate this technique. This does not mean that our
technique can process only four-second fluorography.
The technique can deal with any duration of fluorogra-
phy.

This technique should be improved for real-time
execution since the technique took about 42 seconds with

a personal computer (CPU: Pentium4 2.4 GHz)to track
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a micro guide wire in the 111 images. The reason is not
only the algorithm but also transferring the image data
to an external hard disk. Each image had to be read one
by one from the hara disk, a process that took time. Our
eventual aim is that image data will be transferred di-
rectly to the computer’s memory from the angiography
system, without having to go through a hard disk.

We used the fluoroscopic images of the phantom
experiment because it is difficult to obtain sequences of
clinical fluoroscopic images. Many angiography systems
can store a fluoroscopic sequence temporarily, but they
cannot store it on a hard disk drive. This means that it
is necessary to interrupt the IVR operation to obtain
clinical fluoroscopic images.

We think our tracking technique has the potential
to be used in clinical situations. The difference between
clinical fluoroscopic images and the fluoroscopic im-
ages of the phantom experiment likely would be minor.
The fluoroscopic images we obtained have the same bony
background as clinical images. Although we used a ca-
rotid phantom, the phantom would increase in quantum
noise to the region of the image. In other words, it would
make the identification of guide wires more difficult, but
our technique was able to provide accurate tracking.

A limitation of our study design is that only phan-
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tom images were employed for evaluation of the per-

formance of 0 u‘r tmckmg techmque A phantom experi-
ment would: 1Vve'\l the maximum performance of our
technique. Signal mtemltles and image noise in clini-
cal fluoroscopic images depend on many factors, includ-
ing the patient, X-ray exposure Cblj&itio11s, and micro
guide wire. Thus this tracking teéhlfifque should be as-
sessed with several cllmcal sequences However, there

are many pxoblems 1em’1mmg to ,_,be solved to obtain

clinical ﬂuot ; as descnbed above.

Therefore, th

un'we 1s one of

our future goal

4, Conclusmn

Our tlackmg technique for micro gulde wires re-
sulted in a mean TP of 94.8% and mean FP of 5.1 pix-
els per frame. We conclude that we could deivelop an
accurate automatic tracking technique for micro guide
wires in a fluoroscopic sequence, and it would have the
potential to adapt clinical fluoroscopic images. In the
future, the processing time of the technique needs to be
improved and its robustness should be assessed with

clinical data.
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HOW DO WE OVERCOME RECENT RADIOTHERAPY ACCIDENTS?
—A REPORT OF THE SYMPOSIUM HELD AT THE
17TH JASTRO ANNUAL SCIENTIFIC MEETING, CHIBA, 2004—

Hiroshi IKEDA™', Naofumi HAYABUCHI™, Masahiro ENDO™, Yutaka HIROKAWA™, Hiroki SHIRATO™,
Masao HOSHINA™, Yoshiharu WATANABE™, Kozo KUMAGAI", Takayoshi Izumr™

Abstract: This is a report of the symposium entitled "How do we overcome recent radiotherapy accidents?”
which was held at the 17th JASTRO Annual Scientific Meeting, Chiba, November, 2004. Eleven accidents of
radiotherapy institutions were publicly reported from 2001 through 2004, and 8 of these directly affected
patients. At the same time as the first accident happened in 2001, the Intersociety Council of Medical Physics
was established and began its action, to search for the cause and to protect against similar accidents at other
institutions. Of these, 7 out of 8 accidents were related to updated radiotherapy treatment planning (RTP)
system, 4 were due to errors at the acceptance and commissioning of the new RTP system, and one was due to
misunderstanding of rules about the delivery dose and not enough mutual communication between a physician
and a technologist. The recent activities to maintain and to improve the quality assurance/quality control of

radiotherapy are also described

Key words: Radiotherapy accidents, Quality assurance/Quality control, Treatment planning system,
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To patients and families, and all healthcare professionals involved in cancer treatment

We have mnow reached the completion of "Radiation Oncology in
Multidisciplinary Cancer Therapy - Basie structural requirements for quality assurance
of radiotherapy based on Patterns of Care Study in Japan —" This is a comprehensive
and systematic description of the role of radiation therapy and radiation oncology in
current cancer treatment in Japan. Based on results confirmed by Patterns of Care
Study in radiation therapy settings over several years, its persuasiveness is
unsurpassed. As an individual involved in the group activities of a Patterns of Care
Study (PCS) at the beginning, I have been drawn continually to the interesting results
from PCS, and I am impressed with their fruition into this book. This publication will
no doubt mark a milestone in radiation oncology in Japan. "Disparities" in cancer
treatment are said to exist among regions and facilities in Japan, and the procedures of
PCS are useful for measuring and assessing such differences. We would be well served
if the procedures of PCS were adopted in many other regions, as well as the radiation

oncology field.

January, 2005.

/ aZéﬁ%J)QM

Hiroshi Ikeda, MD
Chairman, Division of Radiation Oncology,

National Cancer Center Hospital, Tokyo



TOWARD ONE WORLD OF QUALITY OF CARE
Radiation Oncologists and collaborating scientists in Japan are dedicated to the goal of
providing staie of the art treatment to all of their patients. The Japanese Working Group
has led this effort over the last nine years by conducting appropriate studies to determine
the structure, processes and outcomes of care across all facility types. Differences in
these measures of care have been documented, and the influence of facility type noted.
Variations in structure and processes have been shown to affect outcome, reinforcing the
need to improve in these critical areas.

This report identifies the structure of Rad Onc in Japan and uses the scientific rational of
Patterns of Care Studies(PCS) to identify current and future needs in equipment and
treatment technology , staffing, training, certification, information technology, QA and
other areas. The costs of the necessary changes are estimated and the government,
industry and institutional support necessary to implement these changes over the next
decade are estimated.

Japanese scientists have a long history of developing and introducing advanced
technology in radiation oncology. These PCS-Japan studies show their leadership in
assessing quality of care and using the results of that assessment to improve patient care
on a national basis. Other countries in Asia or elsewhere may note the potential of
developing similar studies of their cancer care delivery systems. Decades of patients will
be grateful.

The Patterns of Care Study in the United States has enjoyed the long collaboration with
the entire Japanese Working Group and Prof. Teshima the Principal investigator.
Through international collaborations such as these, the world of quality assurance in
Radiation Oncology may indeed become small.

/@7//4/?%@4»;4

Gerald E Hanks MD, FACR

Senior Member Emeritus

Fox Chase Cancer Center '
Patterns of Care Study ~USA: Principal Investigator 1980-2001



Preface

A Patterns of Care Study (PCS) is a short-term research program investigating
retrospectively the three elements of structure, process, and outcome in patterns of
nationwide health care. We evaluate the quality of health care, identify problems, and
take steps toward improvement. The system was established in the early 1970s, at the
same time the Radiation Therapy Oncology Group (RTOG) was founded as a multi-
institutional prospective clinical study group in the field of radiation oncology in the US.
For the past 30 years, both efforts have worked together to contribute to improvement in
the quality of radiotherapy. In Japan, members of our research group nine years ago
secured a Ministry of Health, Labour and Welfare cancer research grant and initiated the
first PCS. From the first study to the third, we have monitored qualitative discrepancies
between facilities in the structure, process, (and some outcome) in radiation oncology.
We have also monitored US-Japan discrepancies. The current frequency of accidents in
the field of radiotherapy is also related to such structural problems. This short report is
based on specific medical data obtained in PCS and offers criteria for specific
improvements to inadequate structures in Japan. We hope that this work thereby
provides a true public benefit.

We also intend to continue PCS to monitor acceptance of these criteria by health
care institutions, medical education institutions, and in regulations, and likewise, to
monitor specific improvements in the structure of the radiation oncology field in Japan.
Our ultimate goal is to provide safer and more reliable radiotherapy to patients suffering
from cancer.

Spring, 2005

Dorid Tt

Teruki Teshima, MD
Principal Investigator

; Japanese PCS Working Group

Ministry of Health, Labor and Welfare Cancer Research Grant;
Planned Research Study (14-6)

"Quality assurance of radiotherapy system and its clinical assessment"
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1. Introduction

1.1 Background

Demand for radiotherapy in Japan is increasing steadily. Now more than ever, it
is of urgent importance to create a system that maintains the quality of radiotherapy and
reassures the public.

At present, there is demand in a number of areas for radiation oncology
guidelines conforming to the actual state of radiotherapy in Japan. This report is an
independent Japanese standard for radiotherapy which references the "Blue Book" of
US guidelines" and uses numerical data obtained from Patterns of Care Studies (PCS)?
in Japan.

The Inter-Society Council for Radiation Oncology (ISCRO), organized
primarily around the American College of Radiology (ACR), has contributed greatly to
standardization of radiotherapy in the US with the publication of a series of reports,
including "A Prospect for Radiation Therapy in the United States" (1968), "A Proposal
for Integrated Cancer Management in the United States: The Role of Radiation
Oncology" (1972), “Criteria for Radiation Oncology in Multidisciplinary Cancer
Management" (1981), "Radiation Oncology in Integrated Cancer Management" (1986),
and "Radiation Oncology in Integrated Cancer Management" (1991). This series of
reports was nicknamed the "Blue Book" for the color of its cover and has come into
international use. Inoue et al. received permission from ISCRO Chairman Hanks to
translate the last of these reports (1991) and published a Japanese edition in 1993. One
objective of this work was to disseminate the concept of clinical quality assurance (QA)
in radiation therapy.m) This work in turn played an important role in improving QA
and quality control (QC) in radiation therapy in Japan. Specifically, the work was
useful as a standard for equipment and personnel in radiation therapy facilities, as an
operating standard for radiation therapy departments, and as a document for such
external negotiations as revision of medical reimbursement. These activities served as a
motivation promoting creation of new working standards suited to practice in Japan, and
such revision has continued.

Chairman Hanks, writing in the preface to the 1993 Japanese edition, expressed
that, "We hope to continue to work with our Japanese colleagues as both of our efforts
in Quality Assurance are directed at improved care and outcome for our patients." This
phrase summarizes our activities. ‘

The Japanese Society for Therapeutic Radiology and Oncology (JASTRO) has
carried out regular structure surveys of Japanese radiotherapy for the past 15 years.4)'15 )
These surveys have elaborated radiation therapy facilities throughout Japan, and in PCS,
these facilities are stratified by size and nature, PCS subject facilities are selected
randomly from each stratum, and research group members audit each facility to
ascertain basic information from patients treated previously at each facility, and details
of treatment received and prognosis (see Chapter 7).16) The integrated data were
statistically corrected, and nationwide practices in radiotherapy were determined
retrospectively with regard to structure (equipment, personnel); patient treatment



processes (diagnosis, treatment) in patients treated for breast cancer, esophageal cancer,
cervical cancer, lung cancer, and prostate cancer; and outcome(treatment results).”)
With support from a Ministry of Health, Labour and Welfare Cancer Research Grant,
the ACR as the center of PCS research in the US,"®"'*) and Drs. Hanks (-2000) and
Wilson (2001-) as Principal Investigators in the ACR, since the initial introduction of
PCS into Japan in 1996, we completed three reports of radiotherapy practices in 1992-
1994.%9 1995-1997,2*Y39 and 1999-2001, and disclosed US-Japan discrepancies®
through the US-Japan joint PCS research projects. These data were essential
information for making out a draft of this standard concerning structure and process.
Discrepancies in care according to facility size are still observed frequently in Japan,
and this is the reason why US-Japan discrepanciesm’3 2 were also needed for
consideration of the ideal form of radiotherapy.

Radiotherapy is an important modality of cancer management. However, only
20% of cancer patients in Japan undergo radiotherapy, a very low proportion compared
to 60% in the US.”

In stage T and II cervical cancer, for example, while the proportion of patients
undergoing radiotherapy with a curative intent is approximately 70% in the US and
Europe, the proportion is approximately 10% in Japan. In stage IIIA non-small cell
lung cancer, the proportion is 80% in the US and Europe but 20% in Japan. In cases
where cancer patients undergo curative radiotherapy in the US and Europe, surgery is
often performed in Japan. However, there is little evidence that results from surgical
treatment in Japan are better than those in various other countries. Considering even
that the distribution of types of cancer is different in Japan versus the US and Europe,
the proportion of cancer patients undergoing radiotherapy should be 40% or more at a
minimum, even in Japan.

With the advent of the new century, a paradigm shift in cancer management has
begun. Standard cancer treatment policies are also changing in response to the
requirements of the era and of societies. As a result, there is a continual need for
updating, and delays in revision are unacceptable.

According to confirmed figures from 2003 demographic statistics, the annual
number of cancer deaths is 309,000, accounting for more than 30% of all causes of
death. At the same time, health care costs by disease show that cardiac disease
accounted for 22%, respiratory diseases 8%, musculoskeletal and connective tissue
diseases 8%, and digestive diseases 7%, while cancer accounted for no more than 11%.

Examination of health care costs paid by health insurance for various medical
procedures shows that examination accounted for 18%, diagnostic imaging 9%, drug
dispensing 17%, injections 15%, and surgery 22%, while radiotherapy accounted for
merely 0.7%.>>

Assuming that radiotherapy for cancer patients increased by 10%, the increase in
health care costs would amount to less than 1% of total national health care costs, and
the reduction in medical costs incurred for other treatments could decrease total health
care costs. Increasing the number of cancer patients undergoing radiation therapy is
therefore also important as an efficient use of health care costs.

1.2 Issues in Japanese Radiotherapy



